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Combretastatin derivatives with cytotoxic action 



The invention described herein relates to new combretastatin deriva- 
tives obtained by total synthesis, to processes for their preparation, to 
their use as medicaments and to compositions containing them. 

The development strategy for each product has been selected from the 
group consisting of: (i) substitution of the olefinic bond with a hetero- 
cycle of the isoxazole or 4,5-dihydro-3-R-isoxazole type, or ii) substitti- 
tion of one or both H's present on the olefinic bond with a fluorine 
and/or iii) substitution of an aromatic residue with an aromatic hetero- 
cyclic residue of the benzofuran, benzothiophene, indole and indazole, 
furan or thiophene type, or with naphthyl groups, with optionally func- 
tionalised substituent groups, and/or iv) substitution of one or more 
methoxy residues on the trimethoxyphenyl with other svibstituents. 
Said compounds, though chemically related to the structure of 
cis/trans-combretastatin, do not always bind tubulin, but nevertheless 
exhibit a cytotoxic activity of interest in the oncological field as anti- 
cancer or antiangiogenic agents. 

Antitubulin activity is not regarded as an essential requisite for anti- 
cancer activity; in actual fact, the anticancer activity of combretastatin 
is the result of a series of pharmacodynamic- and pharmacokinetic- 
type components. 

Background to the invention 

Angiogenesis in the adult is normally quiescent, yet it constitutes a 
normal function, for example in the healing of wounds or in the recon- 
struction of the endometrium during the female reproductive cycle. 
The angiogenic response is physiologically stimulated when the vas- 
cular functions are reduced and tissue perfusion inadequate. 

More generally, it can be claimed that angiogenesis, in physiological 
conditions, constitutes a form of positive feedback in response to in- 
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adequate perfusion, or to a reduced supply of oxygen and nutrients, as, 
for instance, in the case of occlusion of an artery, in situations of 
growth of tissue mass (e.g. the neovascularisation that accompanies 
the formation of muscle tissue); and in the case of an increased work 
load associated with an increased oxygen and nutrient requirement. In 
the course of local ischaemia, due to partial or complete occlusion of an 
artery, the development of collateral vessels is necessary in order to 
maintain perfusion. 

The growth of a primary tumour is known to be favoured by good vas- 
cularisation of the tumour tissue. An adequate supply of oxygen and 
nutrients favours the rapid growth of the tumour itself. It has been 
demonstrated that the extent of neoangiogenesis is a highly adverse 
factor in the prognosis of neoplasms {van Hinsbergh, V. W., Collen, A., 
Koolwijk, R: Ann. On-coL, 10 SuppL, 4:60-3, 1999; Buolamwini, J.K.: 
Curr., Opin., Chem., BioL, 3(4):500-9, 1999). 

Research directed towards the discovery of new-generation chemo- 
therapeutic agents has identified tubulin as a possible cell target. Sub- 
stances capable of altering microtubule aggregation are also capable of 
inhibiting cell proliferation. 

The microtubules play a very important role in the regulation of the 
cell architecture, in cell division and in cell metabolism. The systems of 
the microtubules of eukaryotic cells include the dynamic organisation 
of the aggregation and disaggregation of the matrix in which tubulin 
heterodimers polymerise to form microtubules both in cancer cells and 
in normal cells. Cytotoxic agents capable of altering the polymerisation 
or depolymerisation of the microtubules prove to be effective chemo- 
therapeutic agents. 

Combretastatin A-4 (CA-4), isolated from a variety of African willow, 
Combretum caffrum (Combretaceae) (Pettit, G.R. et aL: Experientia, 
1989, 45, 209), exhibits promising anticancer potential with an antitu- 
bulin mechanism, strongly binding tubulin in a site very similar to 
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that to which colchicine binds (Lin, C.N. et al; Biochemistry, 1989, 28, 
6984). Said binding to tubulin prevents its polymerisation to microtu- 
bules with an antimitotic effect. CA-4 inhibits cell growth even at veiy 
low concentrations, of the order of nanomoles. 

The phosphate salt of CA-4 - "CA-4P M (Pettit, G.R. et al; Anti-cancer 
Drug Des. 1995, 10, 299), - is hydrosoluble and is currently inserted in 
phase II clinical trials. 

The ability of combretastatin to selectively impair tumour neovascu- 
larisation makes this compound distinctly interesting and prompts the 
search for new and more potent compounds. 

Recently, many studies have demonstrated that a substantial number 
of compounds with antiangiogenic activity, such as CA-4P, are capable 
of inhibiting the neovascularisation of the retina in well characterised 
murine models of forms of retinopathy. These studies suggest that 
both CA-4P and the new derivatives could be usefully employed as an- 
tiangiogenic agents in the fields of both oncology and ophthalmology 
(Griggs J. et al: Am. J. Pathol 2002, 160(3), 1097-103). 

Nevertheless, the very substantial cytotoxic potency of combretastatin 
cannot be put down only to its antitubulin effect. There ai-e compounds 
of analogous structure which, though exhibiting substantial cytotoxic- 
ity, do not exert an equally high degree of antitubulin activity. 

In addition to the pharmacokinetic aspects, there are many pharmaco- 
dynamic aspects which are still the subject of thorough investigation, 
and, as things stand at present, there are not enough literature data 
available to furnish a definitive response (Le Wang et al: J. Med. 
Chem, 2002, 45, 1697-1711). 

From the chemical standpoint it is known that the distance between 
the two aromatic rings of combretastatin, colchicine or their deriva- 
tives constitutes an immutable requirement of this class of compounds 
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for their antitubulin properties (McGown, A.T. et al; a) Bioorg. Med. 
Chem. Lett., 198S, 8(9), 1051-6; b) Bioorg. Med. Chem. Lett. 2001, 
11(1), 51-4). 

Substitution of the double bond with an indolyloxazoline residue (Quit 
Li, Q. et al: Bioorg. Med. Chem. Lett., 2002, 12(3), 465-9) has led to a 
combretastatin derivative, A-289099, (where an aromatic ring is also 
substituted with an N-Me-indole residue), with anticancer activity 
comparable to that of the comparator reference product. 

Stilbene and dihydrostilbene derivatives that inhibit tubulin polymeri- 
zation are described in Cushing et aL works (J. Med. Chem., 1991, 34, 
2579-2588; 1992, 35, 2293-2306, US 5,430,062), Woods et al. (British 
Journal of Cancer, 1995, 71, 705-711), US 5,512,678, US 5,525,632 and 
Ohsumi et al. (J. Med. Chem., 1998, 41, 3022-3032), Hatanaka et al. 
(Bioorganic & Medicinal Chemistry Letters, 1998, 8, 3371-3374), Maya 
et al. (Bioorganic & Medicinal Chemistry Letters, 2000, 10, 2549- 
2551), Li et al. (Bioorganic & Medicinal Chemistry Letters, 2002, 12, 
465-469), Hori et al. (British Journal of Cancer, 2002, 86, 1604-1614), 
WO 02/50007, Pettit et al. (J. Med. Chem., 2003, 46(4), 525-531), Wang 
et al. (J. Med. Chem., 2002, 45, 1697-1711), Kim et al. (Chem. Pharm. 
Bull, 2003, 51(5), 516-521), 

It is equally well known in the cancer field that a fundamental stage in 
the biology of tumour cells consists in their acquiring the ability to 
cause metastases. 

Tumour cells that metastasise have the ability to lose adhesion to the 
surrounding structures, invade blood and lymph vessels and colonise 
other tissues at a distance where they then continue to reproduce. 

Metastatic spread is also a critical event in the clinical history of the 
disease, being the main cause of death from cancer. It is closely associ- 
ated with, and favoured by the presence of vascular tissue in the tu- 
mour site or in the adjacent areas. 
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In fact, cancer cell migration through the surrounding structures al- 
lows the cells to reach the blood vessels in the tumour, whether pre- 
existing or formed by neoangiogenesis, and from where they then pro- 
ceed to the bloodstream (Ray, J.M., Stetler- Stevenson, W.G.: Eur. Res- 
pir. J., 1994, 7(ll):2062-72; Stetler- Stevenson, W.G., Liotta, L.A., 
Kleiner D.E. Jr.: FASEBJ., 1993, 7(1 5): 1434-41). 

The presence of communication paths between lymphatic and blood 
vessels allows cancer cells to move in both vascular systems. 

Recent studies have revealed a direct relationship between angiogene- 
sis and arthritic disease (Koch, A.E.: Arthritis and Rheumatism, 1998, 
41:951-962). In particular, it has been demonstrated that neovascu- 
larisation of the articular cartilages plays a crucial role in the forma- 
tion of the pannus and in the progression of arthritis. A normal carti- 
lage has no blood vessels, whereas the sinovial fluid of arthritic pa- 
tients contains an angiogenesis-stimulating factor produced by the en- 
dothelial cells (endothelial-cell-stimulating angiogenesis factor = 
ESAF). 

The presence of this factor is associated with the vascularisation and 
degradation of the cartilage. 

Other diseases are also related to abnormal angiogenesis. 

It has been found that neovascularisation of the affected tissues is a 
causative factor favouring diabetic retinopathy (Histol. Histopathol, 
1999; 14(4): 1287-94), psoriasis (Br. J. Dermatol, 1999 141(6): 1054-60), 
chronic inflammation and atherosclerosis (Planta Med., 1998; 
64(8).686-95). 

Control of neovascularisation is therefore one of the fundamental ele- 
ments for the control and treatment of such diseases. 
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Despite the progress made over the past few years in the field of new 
drugs endowed with antiangiogenic activity, this field of research is 
regarded by many experts in the field of medicament as still being one 
of the most promising for the discovery of new drugs for the treatment 
of diseases characterised by abnormal angiogenesis, particularly tu- 
mours. 

In fact, for these diseases there is an even more strongly perceived 
need for new compounds presenting fewer side effects and which are 
capable of blocking or interfering with the abnormal mechanisms un- 
derlying the above-mentioned diseases and which therefore allow such 
diseases to be treated. 

It has now surprisingly been found that by modifying both the double 
olefinic bond and the aromatic rings of combretastain, the result is the 
general formula (I) compounds described here below, with antitubulin 
and/or cytotoxic properties, which are useful agents for the treatment 
of diseases caused by abnormal angiogenesis and of tumours. 

In a thoroughly unexpected manner, the derivatives according to the 
present invention show that the cytotoxic activity can still be very sub- 
stantial even in the presence of low or non-existent antitubulin activ- 
ity. 

Summary of the invention 

One object of the present invention are formula (I) compounds 
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in which 

the various Ri, R2, R3 and R4, which can be the same or different, are 

H, OH, OPO3H2 or OCH2OPO3H2 and their disodium salt, OMe, 

OCH 2 0, NO2, F, CI, Br; 

-R1-R2- can also be together: -CRs=CR9-X- 

Y is a group selected from . 




: cis o trans 



R5 and Re, which can be the same or different, are H or halogen; 

Rvis H, OMe, S0 2 Ph; 

Ar is a group selected from: 




Rs, R9 and Rio, which can be the same or different, are H, OH, OP03H2 

or OCH2OPO3H2 and their disodium salt, OR u , OCH2O, NH 2 , NHRn, 

NO2, alkyl (C1-C4), C 6 H 5 , C5H4N or halogen; 

R11 is C1-C4 alkyl or acyl, amino acid residue; 

X is O, S, N, NR12; 

Ri 2 isH, CH 3 , CH 2 Ph; 

Z is CH, N; 

with the proviso that the formula (I) compound is not combretastatin 
A-l, combretastatin A-2, combretastatin A-4, and their disodium phos- 
phates derivatives and with the exclusion of the following compounds: 
2-phenyl-6-ira7i5-styryl-benzo[b]furan; 
2,3-diphenyl-6-tra7is-styryl-benzo[b]furan; 
2-phenyl-6-(4-methoxy)-iraas-st3nyl-benzo[b]furan; 
2-phenyl-6-(3,4-dimethoxy)-tra7ts-styryl-benzo[b]fur£in; 
2-phenyl-6-(3,4,5-trimethoxy)-«ra;is.styryl-benzo[b]furan; 
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2-phenyl-6-(3,4-methylenechoxy)-£ra7is-sty^ 

2,3-diphenyl-6-(4-methoxy)-^ra/is-styiyl-benzo[^]furan; 

2-phenyl-5-^ra7is-styryl-benzo[b]thiophene; 

2-phenyl-5-(4-methoxy)-ira?i5-stjayl-benzo[b]thiophene; 

2-phenyl-5-(3,4-methylenedioxy)^ra/is-styryl-benzo[b]thio 

2-phenjd-6-^ra7is-styryl-benzo[b]thiophene; 

2-phenyl-6-(4-methoxy)-^ra;i5-styryl-benzo|]b]thiophene; 

2-phenyl-6-(4-chloro)-^ra;ts-st3 r ryl-benzo[b]thiophene; 

Piceatannol; 

l-(3-furan3d)-2-(3 J 4,5-trimethox3rphenyl)ethene; 
l-(3-thiophenyl)-2-(3,4,5-trimethoxyphenyl)ethene; 
l-(2-furanyl)-2-(3,4,5-trimethoxyphenyl)ethene; 
and with the proviso that 

- when Ri is hydrogen and R2- R4 are 3,4,5-trimethoxy, Y is a double 
bond, R5 and Re are H, Ar is phenyl, R 8 and R9 are hydrogen, Rio is not 
methoxy; 

- when Ri is hydrogen and R2- R4 are 3,4,5-trimethoxy, Y is a double 
bond, R5 and Re are H, Ar is phenyl, Rs is hydrogen, R9 is 2-chloro, R i0 
is not 4-methoxy; 

- when Ri is hydrogen and R2-R4 are trimethoxy, Y is a double bond, R5 
and Re are H, Ar is phenyl, at least one of Rs-Rio is not hydrogen; 

- when Ri is hydrogen and R2- R4 are 3,4,5-trimethoxy, Y is a double 
bond, R 5 and Re are H, Ar is phenyl, Rs and R9 are hydrogen, Rio is 
none of 4-chloro, 4-bromo, 4-nitro, 4-hydroxy, 4-acetyl, 4-ethoxy, 4-Ci- 
C 4 alkyl; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is a double 
bond, Rs and Re are H, Ar is phenyl, Rs is hydrogen, R9 is 4-nitro or 4- 
amino, Rio is none of 3-chloro, 3-methoxy, 3-methyl; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is a cis double 
bond, R 5 and Re are H, Ar is phenyl, R 8 is hydrogen, R9 is 3-nitro or 3- 
amino, Rio is none of 3-chloro, 3-methoxy, 3-methyl; 

- when Ri is hydrogen and R2- R4 are 2, 3,4- trimethoxy, Y is a double 
bond, R 5 and Re are H, Ar is phenyl, Rs and R 9 are hydrogen, Rio is not 
4-methoxy; 
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- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is a double 
bond, R5 and Re are H, Ar is phenyl, at least one of Rs is hydrogen, R 9 is 

3- methoxy, Rio is not 5-methoxy; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is a double 
bond, R5 and Re are H, Ar is phenyl, R 8 -Rio are not methoxy; 

- when Ri and R2 are hydrogen and R3-R4 are 3,4-diinethoxy, Y is a 
double bond, R5 and Re are H, Ar is phenyl, R 8 and R 9 are hydrogen, Rio 
is not 4- methoxy; 

- when Ri and R2 are hydrogen and R3-R4 are 3,4-dimethoxy, Y is a 
double bond, R5 and Re are H, Ar is phenyl, Rs is hydrogen, R9-R10 are 
not 3,5-dimethoxy; 

- when Ri and R2 are hydrogen and R3-R4 are 3,4-dimethoxy, Y is a 
double bond, R 5 and Re are H, Ar is phenyl, at least one of Rs-Rio is not 
hydrogen; 

- when Ri and R2 are hydrogen and R3-R4 are 3, 5-methoxy, Y is a double 
bond, R 5 and Re are H, Ar is phenyl, R 8 and R 9 are hydrogen, Rio is not 

4- methoxy; 

- when Ri and R2 are hydrogen and R3-R4 are 3,5-methoxy, Y is a double 
bond, R5 and Re are H, Ar is phenyl, R 8 and R9 are hydrogen, Rio is not 
4-acetyl; 

- when Ri is hydrogen and R 2 - R4 are 3,4,5-trimethoxy, Y is a double 
bond, R5 and R6 are H, Ar is not pyridyl; 

- when Ri is hydrogen and R 2 - R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R5 and Re are H, Ar is phenyl, R 8 is hydrogen, R9 is 3-amino, Rio 
is 4-NHRu, Rn is not the residue of serine; 

- when Ri is hydrogen and R 2 - R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R5 and Re are H, Ar is phenyl, Rs is hydrogen, R9 is 3-amino, R i0 
is not 4-methoxy; 

- when Ri is hydrogen and R 2 - R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R5 and R6 are H, Ar is phenyl, R 8 is hydrogen, R9 is 3-amino, Rio 
is not a 4-alkyloxy group having from 1 to 3 carbon atoms, or a 4-alkyl 
group having from 1 to 4 carbon atoms, or a halogen atom 

- when Ri is hydrogen and R2-R3 are 3,4-methylenedioxy, R4 is 5- 
methoxy, Y is cis double bond, R5 and Re are H, Ar is phenyl, R 8 is hy- 
drogen, R9 is 3-amino, Rio is not 4-methoxy; 
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- when Ri is hydrogen and R2-R4 are 2,3,4-trimethoxy, Y is cis double 
bond, R5 and Re are H, Ar is phenyl, Rs is hydrogen, R 9 is 3-amino, Rio 
is not 4-niethoxy; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R 5 and Re are H, Ar is phenyl, Rs is hydrogen, R9 is NHRn, Rn is 
the residue of serine, Rio is not 4-methoxy; 

- when Ri is hydrogen and R2-R3 are 3,4-methylenedioxy, R4 is 4- 
methoxy, Y is cis double bond, R5 and Re are H, Ar is phenyl, Rs is hy- 
drogen, R9 is NHRn, Rn is the residue of the aniinoacid cysteine, gly- 
cine, phenylalanine, serine, triptophan, tyrosine, valine, Rio is not 4- 
methoxy; 

- when Ri is hydrogen and R2-R3 are 3,4-methylenedioxy, R4 is 4- 
methoxy, Y is a double bond, R5 and Re are H, Ar is phenyl, Rs is hydro- 
gen, R9 is NO2 or NH2, Rio is not 4-methoxy; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R5 and Re are H, Ar is phenyl, at least one of Rs -Rio is not hydro- 
gen; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is a double 
bond, Rs and Re are H, Ar is phenyl, Rs is hydrogen, R9 is 4-methoxy, 
Rio is not 3-fluoro; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is a double 
bond, R 5 and Re are H, Ar is phenyl, R 8 is hydrogen, R 9 is 4-methyl, Rio 
is not 3-fluoro or 3-hydroxy; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R 5 and Re are H, Ar is phenyl, R 8 is hydrogen, R 9 is 4-methoxy, 
Rio is not 3-methoxy; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R 5 and Re are H, Ar is phenyl, Rs is 3-fluoro, R9 is 4-methoxy, Rio 
is not 2- or 5-fluoro; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R 5 and Re are H, Ar is phenyl, Rs is hydrogen, R9 is 4-methoxy, 
Rio is not 3- hydroxy or 3-amino; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R 5 and Re are H, Ar is phenyl, Rs is hydrogen, R9 is 4-methoxy, 
Rio is not 3-fluoro or 3-bromo; 
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- when Ri is hydrogen and R 2 -R 4 are 3,4,5-trhnethoxy, Y is cis double 
bond, R5 and R$ are H, Ar is phenyl, R 8 and R 9 are hydrogen, Rio is not 
4-hydroxy; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R 5 and Re are H, Ar is phenyl, R 8 is hydrogen, R 9 is 3-methyl, R xo 
is not 4-methyl; 

- when Ri is hydrogen and R2-R4 are 3,4,5-trimethoxy, Y is cis double 
bond, R5 and R6 are H, Ar is phenyl, R 8 is hydrogen, R9 is 4-methoxy, 
Rio is not 3-hydroxy; 

- when Ri- R 2 are hydrogen and R3-R4 are 3,5-dihydroxy, Y is trans 
double bond, R 5 and Re are H, Ar is phenyl, R 8 is hydrogen, R 9 is 3- 
hydroxy, Rio is not 5-hydroxy; 

- when R1-R3 are hydrogen, Y is a double bond, R 5 and Re are H, Ar is 
phenyl, R 8 is hydrogen, R 9 and Rio are 3,4-dimethyl, and R 4 is not 4- 
methoxy; 

- when R1-R2 are hydrogen, Y is a double bond, R 5 and Re are H, Ar is 
phenyl, Rs is hydrogen, R 9 and Rio are 3,4-dimethyl, R 4 is 4-methoxy, 
R3 is not 3- fluoro or 3-bromo or 3-nitro or 3-hydroxy; 

- when R1-R2 are hydrogen, Y is a double bond, R 5 and Re are H, Ar is 
phenyl, Rs-Ri 0 are 3,4,5-triethoxy, R4 is 4-methoxy, R 3 is not 3-fluoro or 
3-chloro or 3-bromo or 3-hydroxy; 

- when R1-R2 are hydrogen, R 4 is 4-methoxy, Y is a double bond, R 5 and 
Re are H, Ar is phenyl, R 8 -R 9 are 4,5-dimethoxy, Rio is 3-hydroxy, R 3 is 
not 3-fluoro or 3-hydroxy; 

- when R1-R2 are hydrogen, R 4 is 4-methoxy, Y is a double bond, R 5 and 
Re are H, Ar is phenyl, R 8 -R 9 are 4,5-dimethoxy, R i0 is 3-methoxy, R3 is 
not 3-fluoro; 

- when Ri is hydrogen, R 2 -R 4 are 3,4,5-trimethoxy, Y is a double bond, R 5 
and Re are H, Ar is 2-naphthyl, at least one of Rs- Rio is not hydrogen; 

- when Ri and R 2 are hydrogen, R 3 is 3-hydroxy, R 4 is 4-methoxy, Y is a 
double bond, R 5 and R 6 are H, Ar is 2-naphthyl, at least one of R 8 - Rio is 
not hydrogen; 

- when Ri is hydrogen, R 2 -R 4 are 3,4,5-trimethoxy, 
Yis 
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Ar is indolyl, wherein at least one of Rs-Rio is different from hydrogen; 
their enantiomers, diastereoisoniers, the respective mixtures and their 
pharmaceutically acceptable salts. 

The invention relates to the use in the medical field as medicaments of 
new formula (I) compounds. 

A further object of the present invention are pharmaceutical composi- 
tions containing as their active ingredient a formula (I) compound and 
at least one pharmaceutically acceptable excipient or diluent. 

A further object of the present invention is the use of a formula (I) 
compound for the preparation of a medicament possessing cytotoxic- 
type anticancer activity. 

A further object of the present invention is the use of a formula (I) 
compound for the preparation of a medicament with antiangiogenic- 
type anticancer activity. 

A further object of the present invention is the use of a formula (I) 
compound for the preparation of a medicament useful for the preven- 
tion and reduction of cancer metastases. 

A further object of the present invention is the use of formula (I) com- 
pounds for the preparation of a medicament with anticancer activity, 
in which the cancer is selected from the group consisting of: sarcoma, 
carcinoma, carcinoid, bone cancer, endocrine cancer, lymphoid leu- 
kaemia, myeloid leukaemia, monocytic leukaemia, megakaryocyte 
leukaemia, or Hodgkin's disease. 
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A further object of the present invention is the use of a formula (I) 
compound for the preparation of a medicament for the treatment of 
diseases related to abnormal angiogenesis in which the disease is se- 
lected from the group consisting of arthritic disease, tumours, meta- 
static spread, diabetic retinopathy, psoriasis, chronic inflammation, 
and atherosclerosis. 

Detailed description of the invention 

According to the present invention, pharmaceutical^ acceptable salts 
are all those salts that the expert in the field is capable of preparing, 
without the acid or base utilised giving rise to unwanted side effects, 
when said salts are used as medicaments. 

Particularly preferred compounds are: 

2-methoxy-5-[3-methoxy-5-(3,4,5-trimethoxy-phenyl)-4,5-dihydro-4- 
isoxazolyl]-phenol - ST1996; 

2-methox3^5-[3-methoxy-4-(3,4,5-trimethoxy-phenyl)-4,5-dihydro-5- 
isoxazolyl]-phenol - ST1998; 

5-[3-benzenesulphonyl-4-(3,4,5-trimethoxy-phenyl)-4,5-dihydro-4- 
isoxazolyl]-2-methoxy-phenol - ST1995; 

5-[3-benzenesulphon3d-5-(3,4,5-trimethoxy-phenyl)-4,5-dihdro-5- 
isoxazolyl]-2-methoxy-phenol - ST1997; 

2-methoxy-5-[3-(3,4,5-trimethoxy-phenyl)-4,5-dihydro-5-isoxazolyl]- 
phenol - ST1999; 

2-methoxy-5-[5-(3,4,5-trimethoxy-phenyl)-4,5-dihydro-3-isoxazolyl]- 
phenol - ST2001; 

2-methoxy-5-[5-(3,4,5-trimethoxy-phenyl)-3-isoxazole]-phenol 
ST2002; 

cis-6-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-benzo[b]thiophen-4-ol 
ST2151; 

trans-6-[2-(3,4,5-tximethoxy-phenyl)-vinyl]-benzo[b]thio-phen-4-ol 
ST2152; 

cis-4-methoxy-6-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-benzo|]b]thiophene 
- ST2049; 
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trans^-inethoxy-e-^-CS^^-trimethoxy-pheny^-vinyll-benzofblthio- 
phene - ST2050; 

cis-6-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-benzofuran-4-ol - ST2179; 
trans-6- [2-(3,4, 5-trimethoxy-phenyl)-vinyl] -benzofuran-4-ol - ST2 180; 
cis-4-methoxy-6-[2-(3,4,5-trimethoxy-phenyl)-viiiyl]-benzofuran 

ST2051; 

trans^-methoxy-e-^^S^.S-trimethoxy-phenyO-vinyll-benzofuran 
ST2052; 

cis-5-[2-(3,4,5-trimeth.oxy-phenyl)-vinyl]-benzo[b]thiophen-7-ol 
ST2487; 

trans-5-[2-(3,4,5-triraethoxy-phenyl)-vinyl]-benzo[b]thiophen-7-ol 
ST2488; 

cis-5-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-benzofuran-7-ol - ST2491; 
trans-5-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-benzofuran-7-ol - ST2492; 
cis-l-methoxy-3-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-naphthalene 

ST2053; 

methoxy-3-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-naphthalene - ST2054; 
cis- 7 -raethoxy- 1-methyl- 5- [2 -(3, 4, 5-trimethoxy-phenyl)-vinyl] - lH-in- 
dazole - ST2055; 

trans-7-methoxy-l-methyl-5-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-lH- 
indazole - ST2056; 

2-nitro-5-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-thiophene - ST2057; 
2-nitro-5-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-furan - ST2058; 
cis-3-[2-(3,4 s 5-trimethoxy-phenyl)-vinyl]-naphthalen-l-ol - ST2181; 
trans-3-[2-(3,4,5-trimethoxy-phenyl)-vinyl]-naphthalen-l-ol - ST2182; 
disodium 6[(Z)-2-(3,4,5-trimethoxy-phenyl)ethenyl]-l-benzo-thiophen- 
4-ol 4-O-phosphate - ST2495; 

disodium 6[(Z)-2-(3,4,5-trimethoxyphenyl)ethenyl]-l-benzo-furan-4-ol 
4-O-phosphate, - ST2496; 

6- [(Z)-2-(7-methoxy- 1 , 3-benzodioxol- 5-yl)vinyl] - l-benzothiophene-4-ol - 
ST2892; 

6-[(E)-2-(7-methoxy-l,3-benzodioxol-5-yl)vinyl]-l-benzothiophene-4-ol - 
ST2891. 

6 [(Z)-2-(3-methoxy-4, 5-metilendioxy-phenil- l-yl)-vinyl] - 1-benzofuran- 
4-ol - ST2933; 
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6[(2^-2-(3-methoxy-4,5-methylenedioxy-phe 
benzofuran-4-ol - ST2934; 

disodium 6[(Z)-2-(3,4,5-trimethoxy-phenyl)ethenyl]-l-benzo-thiophen- 
4-ol 4-O-methyloxyphosphate; 

disodium 6[(Z)-2<3,4,5-trimethoxyphenyl)ethenyl]-l-benzo-furan-4-ol 
4-0- methyloxyphosphate; 

6-[(Z)-2-(7-methoxy-l,3-benzodioxol-5^ - 
ST2892; 

cis-2-Methoxy-542-(4-methoxy-benzofuran-6-yl)-vinyl]-phenol ST2897; 
cis-2-Methoxy-542<7-methoxy-benzofuran-5 % vl)-vinyl]-phenol. ST2898; 
cis-2-Methoxy-5-[2-(4-methoxy-benzo[b^ 
ST2899; 

cis-6^2-(3,5-dimethoxy-phenyl)-vinyl]-benzo|>]thiophen-4-ol - ST2900; 
cis-5-[2-(3,5-diinethoxy-phenyl)-vinyl]-benzofuran-7-ol - ST2901; 
cis-6^2-(3,5-dimethoxy-phenyl)-vinyl]-beiizofuran-4-ol - ST2902. 

The compounds described in this invention were prepared according to 
S3 r nthesis Schemes 1-15. 

In particular, the formula (I) compounds in which Y is the isoxazoline 
ring and R7 is a phenylsulphonic residue, such as, for example, the 
compounds called ST1995 and ST1997, were prepared according to 
Scheme 1 through the dipolar cycloaddition reaction [3+2] -of the ni- 
tryloxide generated by nitroderivative 2 on suitably protected combre- 
tastatin. Removal of the protective group, such as terbutyl- 
dimethylsilyl, leads to the desired compounds ST1995 and ST1997. 

On the other hand, in those cases in which the R7 group is methoxy, as, 
for example, in the compounds called ST1996 and ST1998, the coin- 
pounds are obtained through the substitution of the phenylsulphonic 
group, as in the previous compounds ST1995 and ST1997, by means of 
reaction with sodium methoxylate. 

The regioisomeric isoxazoline derivatives, such as, for example, 
ST1999 and ST2001, were prepared according to synthesis Schemes 2 
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and 3 through the dipolar cycloaddition reactions [3+2] -between ni- 
tryloxides generated by oximes 5 and 10 and the alkene components 6 
and 9, respectively. Removal of the terbutyl-dimethylsilyl protective 
group leads to the desired products. 

The regioisomeric isoxazole derivatives, such as, for example ST2000 
and ST2002, were in turn prepared through the manganese-dioxide- 
mediated oxidation of the isoxazolines described above, suitabty pro- 
tected according to synthesis Schemes 2 and 3. Removal of the protec- 
tive group, such as terbutyl-dimethylsilyl, leads to the desired prod- 
ucts. 

The formula (I) compounds in which Ar is a benzothiophene or benzo- 
furan residue, such as, for example, compounds ST2151, ST2152, 
ST2049, ST2050, ST2179, ST2180, ST2051, ST2052, ST2487, ST2488, 
ST2491 and ST2492, were obtained according to the synthesis proc- 
esses described in synthesis Schemes 4 and 5. 

In particular, the Wittig reaction between aldehydes 17a-d and phos- 
phonium salt IS, followed by removal of the ter-butyl-dimethylsilyl 
protective group, made it possible to obtain the desired derivatives 
(Scheme 4). In the same way, the Wittig reaction between aldehydes 
26a,b and phosphonium salt 18, followed by removal of the appropri- 
ate protective group, such as terbutyl-dimethylsilyl, made it possible to 
obtain the desired derivatives, for example, ST24S7, ST24SS, ST2491 
and ST2492 (Scheme 5). 

A similar process was used to prepare the derivatives in which Ar is a 
naphthalene, indazole, nitrothiophene or nitrofuran residue, such as, 
for example, ST2053, ST2054, ST2055, ST2056, ST 2181, ST2057, 
ST2058, and ST2182 (Scheme 6) through the Wittig reaction between 
the appropriate aldehydes 29a-d and phosphonium salt 18. 

Lastly, the formula (I) compounds in which Rs or R9 are a phosphate 
group, such as, for example, ST2495 and ST2496, were obtained ac- 
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cording to the synthesis process described in Scheme 7 starting from 
the corresponding phenol derivatives, such as, for example, ST2151 
and ST2179. 

Other prodrug forms and/or more hydrosoluble derivatives were ob- 
tained according to the synthesis process described in Schemes 12-13 
starting from the corresponding phenol or amine dexivatives. 

In the medical field the use is known of therapeutic protocols involving 
the administration of more than one anticancer drug simultaneously or 
in sequence, for example, as a function of the synchronisation of the 
cell cycles, with which experts in oncology are thoroughly familiar. 

The need to administer more than one anticancer drug in therapeutic 
protocols is due to the fact that the drugs, by acting at different meta- 
bolic levels, favour, in some cases, complete remission of the cancer, 
and in other cases lengthen the life and/or improve the quality of life of 
the patient treated. The combination according to the present inven- 
tion lends itself to use concomitantly with one or more known antican- 
cer drugs for the treatment of tumours. 

A further object of the present invention is therefore the use of formula 
(I) compounds, whether alone or in combination with other known an- 
tiblastic drugs, selected from the group consisting of: alkylating 
agents; topoisomerase inhibitors; antitubulin agents; intercalating 
agents; antimetabolites; naturally occurring products such as Vinca 
alkaloids, epipodophyllotoxins, antibiotics, enzymes, taxanes and anti- 
cancer vaccines. 

The following examples further illustrate the invention. 

Abbreviations used in the experimental part: TBDMSiCl (tert- 
butyldimethylchlorosilane); TBAF (tetra-n-butylammonium fluoride); 
NCS (N-chlorosuccinimide); Hex (Hexane); DAST (Diethylaminosulfur 
trifluoride); DIPEA (diisopropylethylamine); PyBroP (Bromo-tris-pyr- 
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rolidino-phosphonium-hexafluoro-phospate); TAEA (tris(2-arnino- 
ethyl)amine); BTMS (bromotrimethylsilane). 

Example 1 

Preparation of ST1995, ST1996, ST1997 and ST1998 

These compounds are prepared according to synthesis Scheme 1 here 
below: 

SCHEME 1 




ST1998 ST1996 



Preparation of isoxazolines 3 and 4 



To the flask containing nitronic ester 2 prepared according to the proc- 
ess described by Wade et al (J. Org. Chem. 1981, 46, 765-770) is added 
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alkene 1 (600 mg, 1.4 mmol) dissolved in CH2CI2 (6 ml) and p -toluene- 
sulphonic acid monohydrate (270 mg, 1.4 mmol). The reaction is re- 
fluxed for 30 minutes in an argon atmosphere. After bringing the solu- 
tion back to room temperature CH2CI2 (15 ml) is added, and washings 
are performed with 5% NaOH (10 ml), H 2 0 (10 ml) and brine (10 ml). 
The organic phase, anhydrified on Na 2 S04, is evaporated at reduced 
pressure. Chromatographic purification of the crude product made it 
possible to obtain products 3 and 4 with an overall yield of 20%. 

Preparation of ST1996 and ST1998 

Metallic Na (130 mg, 0.6 mmol) is dissolved in MeOH (10 ml), the solu- 
tion thus obtained is added to the appropriate phenyl-sulphonyl de- 
rivative 3, 4 (0.15 mmol) and the reaction is left at room temperature 
for 6 h. 

After concentrating the ethanol and diluting with CH2CI2 (15 ml), ex- 
tractions are performed with H-O (8 ml) and brine (8 ml). The organic 
solution, anhydrified on Na 2 S04, is evaporated at reduced pressure. 

The crude product obtained is purified by chromatography. 

2-Methoxv-5-f3-methoxv-5-(3.4.5-trimethoxv-phenvl)-4,5-dihvdro-4- 
isoxazolvn -phenol - ST1996 

Yield: 70%, m.p. = 160-162 °C; 

iHNMR (CDCI3) 5 3.84 (s, 9H), 3.91 (s, 6H), 4.19 (d, 1H, J = 9.2 Hz), 
5.38 (d, 1H, J = 9.3 Hz), 5.69 (s, 1H), 6.54 (s, 2H), 6.69-6.74 (m,lH), 
6.84-6.88 (m, 2H). 

2-Methoxv-5-f3-methoxv-4-(3 < 4.5-trimethoxv-phenvl)-4 < 5-dihvdro-5- 
isoxazolvn -phenol - ST1998 



Yield: 65%, Oil. 
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iHNMR (CDCls) 5 3.86 (s, 9H), 3.91 (s, 6H), 4.14 (d, 1H, J = 9.1 Hz), 
5.40 (d, 1H, J = 9.1 Hz), 5.68 (br, 1H), 6.43 (s, 2H), 6.84 (s, 2H), 6.95 (s, 
IK). 

Preparation of ST1995. ST1997 

The appropriate silyl derivative (0.1 mmol) 3,4 is dissolved in MeOH 
(10 ml), and H2O (1/2 ml) and HC1 5% (10 drops) are added to the solu- 
tion. After being left overnight at room temperature, the methanol is 
evaporated, the crude product is extracted with CH2CI2 (15 ml), and 
washed with H2O (10 ml) and brine (10 ml). The organic solution, an- 
hydrified and evaporated to dryness, produces a crude product that is 
purified by chromatography on silica gel. 

5-r3-Benzenesulphonvl-4-(3.4.5-trimetho^-r>henvlV4.5-dihvdro-4- 
isoxazolvll-2-methoxv-phenol - ST1995 

Yield: 95%. Oil. 

iHNMR (CDCI3) 5 3.67 (s, 6H), 3.82 (s, 3H), 3.91 (s, 3H), 4.58 (d, 1H, J 
= 6.5 Hz), 5.56 (d, 1H, J = 6.5 Hz), 5.62 (br, 1H), 6.15 (s, 2H), 6.79-6.84 
(m, 3H), 7.37-7.43 (m, 2H), 7.55 (d, 1H, J = 8.1 Hz), 7.61-7.65 (m,2H). 

5-r3-Benzenesulphonvl-5-(3.4.5-trimethoxv-phenv l , >-4.5-dihvdro-5- 
isoxazolvll-2-methoxv-phenol — ST 1997 

Yield: 85%. Oil. 

1 HNMR (CDC13) 5 3.82 (s, 6H), 3.84 (s, 3H), 3.89 (s, 3H), 4.56 (d, 1H, J 
= 6.6 Hz), 5.55 (d, 1H, J = 6.5 Hz), 5.57 (br, 1H), 6.39 (s, 2H), 6.56-6.58 
(m, 1H), 6.62 (d, 1H, J = 2,1 Hz), 6.71 (d, 1H, J = 8,1 Hz), 7.37-7.44 (m, 
2H), 7.55-7.59 (m, 1H), 7.66-7.72 (m, 2H). 
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Example 2 



Preparation of ST1999, ST2000. ST2001 and ST2002 

These compounds are prepared according to synthesis Schemes 2 and 3 
here below: 



SCHEME 2 



OCH, 



OTBDMS CHC1 3 , Piridina, 



NCS, TEA 




OCH 3 



OCH, 



8 R = TBDMS 

HC! 5%. CH 3 OH 
- ST2000 R=H 



7 R = TBDMS 
HC1 5%, CH 3 OH 
ST 1999 R=H 



SCHEME 3 



H 3 CO-^j^ 
OCH, 



CHCI 3 . Ptrydine, NCS, TEA K > CO * 



OR 



HON 



OTBDMS 



MnO 2 , benzene, rfx 




OCH, 



11 R = TBDMS 



HCI 5%, CH 3 OH 
^ST2001 R=H 



10 



OR 




OCH, 



OCH 3 



12 R — TBDMS 

HCI 5%.CH 3 OH 
♦ ST2002 R=H 
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General process for preparation of 7 and 11. 

To a flask containing anhydrous CHCI3 (7 ml) are added NCS (1 mmol, 
133 nig), pyridine (0.1 mmol, 7.9 mg, 8 (il) and the appropriate oxime 5, 
10 (1 mmol). The reaction is stirred at 50°C for 1 h. The corresponding 
alkene 6, 9 (1.1 mmol) is then added at room temperature and TEA 
(1.5 mmol, 152 mg, 0.2 ml) is added dropwise very slowly. The reaction 
mixture is left to stir for 2 h. CH2CI2 (20 ml) is then added, and wash- 
ings are performed with H2O (15 ml), 2.5% HC1 (10 ml), H2O (10 ml) 
and brine (10 ml). The organic phase is anhydrified on Na2S04 and 
concentrated at reduced pressure. The crude reaction product is puri- 
fied by chromatography to give the desired isoxazoline. Yield of the cy- 
cloaddition: 70-75%. 

General process for the preparation of isoxazoles 8 and 12 

Isoxazoline 7, 11 (50 mg, 0.1 mmol) is dissolved in benzene (15 ml), 
Mn02 (450 mg, 5.17 mmol) is added to the solution, and the mixture is 
refluxed with Dean-Stark for 6 h under vigorous stirring. 

The reaction mixture, brought back to room temperature, is filtered on 
celite and the filtrate is concentrated at reduced pressure. 

The crude product thus obtained is purified by chromatography to give 
the isoxazole derivative. Oxidation yield: 80-85%. 

The final compounds ST1999, ST2000, ST2001 and ST2002 are obtain- 
ed from the corresponding precursors 7, 8, 11 and 12 through desilyla- 
tion performed as described above for ST1997 and ST1995. 

2-Methoxv-5-r3-(3.4.5-trimethoxv-phenvlV4.5-dihvdro- 5-isoxazolvl1- 
phenol - ST1999 



Yield: 85%, Oil, 
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1H-NMR (CDCI3) 5: 3.30 (dd, 1H, J = 8.2 Hz, 16.2 Hz), 3.74 (dd, 1H, J = 
10.9 Hz, 16.3 Hz), 3.89 (s, 12H), 5.65 (dd, 1H, J = 8.2 Hz, 10.8 Hz), 5.63 
(br, 1H), 6.85-6.95 (m, 5H). 

2-Methoxv-5-r3-('3.4. 5-trimetho X v-ohenvlV5-isoxazoIvn-phenol - ST 
2000 

Yield: 95%, m.p.: 183-185 0 C 5 

iH-NMR (CDCI3) 5: 3.91 (s, 3H), 3.95 (s, 3H), 3.96 (s, 9H), 5.80 (br, 1H), 
5.82 (s, 1H), 6.94 (d, 1H, J = 8.9 Hz), 7.08 (s, 2H), 7.37- 7.41 (m, 2H). 

2-Methox v-5-r5-(3.4.5-trimethoxv-Dhenvl)-4.5-dihvdro-3-isoxazoIvl]- 
phenol - ST2001 

Yield: 90%, m.p.: 128-130 °C, 

iH-NMR (CDCI3) 6: 3.30 (dd, 1H, J = 8.4 Hz, 16.2 Hz), 3.75 (dd, 1H, J = 
10.4 Hz, 16.4 Hz), 3.86 (s, 3H), 3.90 (s, 6H), 3.96 (s, 3H), 5.65 (dd, 1H, J 
= 8.2 Hz, 10.2 Hz), 5.68 (br, 1H), 6.62 (s, 2H), 6.90 (d, 1H, J = 8.1 Hz), 
7.22 (dd, 1H, J = 2.1 Hz, 8.2 Hz), 7.28 (d, 1H, J = 2.1 Hz). 

2-Methox v-5-r5-(3.4.5-trimethoxv-phenvlV3-isoxazolel-phenol - ST 
2002 

Yield: 80%, m.p.: 205-206 °C, 

1 H-NMR (CDCI3) 5: 3.90 (s, 3H), 3.95 (s, 9H), 5.80 (br, 1H), 6.70 (s, 1H), 
6.93 (d, 1H, J = 8.3 Hz), 7.04 (s, 2H), 7.36 (d, 1H, J = 2 Hz), 7.43 (dd, 
1H, J = 1.9 Hz, 8.2 Hz). 
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Example 3 

Preparation of ST215L ST2152. ST2179. ST218 0. ST2049. ST2050, 
ST2051. ST2052. ST2487. ST2488. ST249L ST2492 land ST2900, 
ST2901. ST29021 

These compounds are prepared according to synthesis Schemes 4 and 5 
here below: 

SCHEME 4 



I V t-ButOK/t-ButOH 



13a.b 

a:X=S 
b:X-0 



51% 



HQC. 1) AcA AcONa 

^CO,Et 2>K0Q.B0H 




14a*b 



OQEt 



44% 



15a4) 



TBDMSC1 

inidazole, DCM 
rt, 3h 76%. 



NaH,CHI,rt,24h 
70% 




a: LLAJH.THF 
2h, it, 61% 



CQB 



b: 



MnO.Ca 
58% 



16a: X=S,R=TBDMS, 
16b: X=S,R=Oj 
16c X=0,R=TBDMS, 
I6d X=0,R=CH 




17a: X - S, R = TBDMS, fc= CHO 
17b X=S,R=Oi R,=CH0 
17c X=0,R=TBDMS, R=CHO 
17d X=QR=CH, Ri-CHO 



NaRTKF 
24h,rt,73%_ 



CH,( 



TBAF, DCM 



OCH, 



18 




19a (ST2151): R=H,X=S 
19b (ST2049): R=Me , X= S 
19c(ST2179):R=H,X=0 
19d (ST20S1): R=Me , X=0 



20a(ST2152):R=H,X=S 
20b(Sn050): R s= Me , X=S 
20c (STO180): R=H, X=0 
20d(ST2052* R=Me . X=Q 
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SCHEMA S 

^COjEt 



CHO ^=<" 1 1 ) AqO, AcONa y f^ Y ^ 

/ Diethy {succinate f) — ) 3h \ Jl J 

ff\ 1-ButOK/t-ButOH ^ > COH 2) IQCOi , EtOH VT^? 

y rfx, 2b X * rfx I 

x — : ^ ^ oh 

21a, b 50% 22a » b 45% ^ b 

a:X-S 
b:X = 0 



CO ; Et 



TBDMSiCl 
inidazole, DCM 
rt, 3h 70% 



24a, b 



NaH, THF 
24 h, rt, 70% 



CH s O, 
CH 3 Q' 



OCH 3 18 



TBAF.DCM 



90% 



a: LiAIH.THF 
2h, rt. 60% 

b: Mna.CCL 




25a: X = S,R-CHOH 
25b: X = O, R = CliOH 
26a: X=S,R= CHO 
26b: X = 0,R = CHO 



OCH 3 



OCH3 




27a (ST24S7): X = S 
27b(ST2491): X = 0 



28a (ST248S): X - S 
28b(ST2492): X-O 



General process for obtaining 15a,b and 23a,b 

To a suspension of t-BuOK (17 g.; 150 mmol, 3 equiv.) in t-BuOH (50 
mL) is added a mixture of aldehyde 13a-b, 21a-b (50 mmol) in diethyl- 
succinate (32 mL, 225 mmol, 4.5 mmol). The reaction is refluxed for 45 
minutes. After this time period the same amounts of t-BuOK, t-BuOH 
and diethyl- succinate are added and the mixture is left at reflux for 
another 45 minutes. It is then brought to room temperature, and acidi- 
fied (pH 2) with an aqueous solution of HC1 (20% v/v). The mixture is 
diluted with 5% HC1 (100 mL) and extracted with EtOAc (3x100 mL). 
The organic phase is then extracted with 10% aqueous solution in 
Na2CC>3 (4 x 50 mL); the pooled aqueous phases are washed with Et20 
(50 mL) and then acidified to pH = 2 with HC1 (20% v/v). The aqueous 
phase is finally extracted with EtOAc (4 x 50 mL) and the anhydrified 
pooled organic extracts are concentrated at reduced pressure, giving 
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acid ester 14a-b, 22a-b*with a quantitative yield. The crude product 
(14a-b, 22a-b) obtained with the previous reaction (50 mmol) is solubi- 
lised in a mixture consisting of acetic anhydride (100 mL) and anhy- 
drous CH3CO2 Na (200 mmol, 4 equiv.). The solution thus obtained is 
brought to the boil for 5 hours, after which it is evaporated to dryness. 
The residue is extracted with an aqueous solution (75 mL) of NasCOa 
(15%) and extracted with EtOAc (3 x 50 mL). The pooled organic ex- 
tracts are washed with brine (50 mL), anhydrified (Na2SC>4) and puri- 
fied by flash chromatography on silica gel. 

A suspension of acetylderivative (10 mmol) and anhydrous K2CO3 (L4 
g., 10 mmol) in EtOH (20 mL) is refluxed for IS hours, after which it is 
filtered and the filtrate evaporated to dryness. The residue is solubi- 
lised in water (20 mL), the aqueous phase is acidified (pH = 2) with 
HC1 (10% v/v) and then extracted with EtOAc (3 x 20 mL). The pooled 
organic extracts are anhydrified (Na2S04), concentrated at reduced 
pressure and purified by flash chromatography on silica gel. 

15a: brown solid, m.p. = 134-136°C; 15b: white solid, m.p. = 105-107°C; 
23a: brown solid, m.p. = 145-147°C; 23b: white solid, m.p. = 165-167°C. 

Preparation of 16b, 16d 

To a suspension consisting of compound 15a,b (5 mmol) and anhydrous 
K2CO3 (5 mmol, 690 mg, 1 equiv.) in THF (20 mL) is added Me 2 S0 4 (5 
mmol, 630 mg, 0.48 mL) and the resulting solution is brought to the 
boil for 8 h. After this period the mixture is filtered, evaporated to dry- 
ness and the residue extracted with a mixture of EtOAc (20 mL) and 
water (5 mL). The organic phase is washed with brine (5 mL), anhydri- 
fied and concentrated in vacuo. The resulting residue is purified by 
flash chromatography on silica gel. Derivatives 16b,d are obtained as 
colourless oils. 



I* 
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Preparation of 16a. c and 24a. b 

To a solution of phenol 15a-b, 23a-b (3 mmol) in DCM (10 mL) are 
added TBDMSC1 (3.6 mmol, 1.2 equiv., 550 mg) and imidazole (7.5 
mmol, 2.5 equiv., 510 mg). The mixture is left at room temperature for 
18 hours, after which it is diluted with DCM (10 mL), washed with wa- 
ter (5mL) and brine (5 mL) and the organic phase is anhydrified. After 
concentration, the residue is purified by flash chromatography on silica 
gel. Derivatives 16a, 16c, 24a and 24b are obtained as colourless oils. 

Preparation of 17a-d and 26a.b 

The appropriate ester 16a-d, 24a,b (2 mmol) dissolved in THF (5 mL) is 
added dropwise at 0°C to a suspension of LiAlH 4 (3 mmol, 114 mg, 1.5 
equiv.) in 10 mL of THF. On completion of the addition, the reaction is 
left for a further 30 minutes at 0°C and then for 2 h at room tempera- 
ture. The reaction is then cooled again with a water and ice bath, the 
excess LLAIH4 is decomposed with an aqueous soda solution (5%); the 
reaction mixture is filtered on celite, and the filtrate extracted with 
EtOAc (15 mL) and water (5 mL). The organic phase is then washed 
with brine (5 mL), anhydrified (Na2S04) and evaporated to dryness. 
The product obtained is purified by flash chromatography on silica gel. 
To a solution of the alcohol derivative obtained by chromatography (1 
mmol) in CC1 4 (25 mL) is added Mn02 (1.1 mmol, 1.1 equiv.). After 2 h 
at room temperature, the mixture is filtered and the filtrate evapo- 
rated to dryness and used for the next reaction without any further 
purification. 

Preparation of ST215L ST2152. ST2179. ST2180. ST2049. ST2050. 
ST2051 and ST2052 

To a solution of aldehyde 17a-d, 26a,b (2 mmol) in 10 mL of anhydrous 
THF is added phosphonium salt 18 (2 mmol, 1.05 g, 2 equiv.). The sus- 
pension thus obtained is cooled with a water and ice bath, and NaH 
(50% in mineral suspension, 2.2 mmol, 1.1 equiv., 110 mg) is then 
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added. It is left to stir at room temperature for 24 hours and filtered on 
a celite bed, washing with THF. Evaporation is performed and the re- 
sidue is extracted with DCM (15 mL), and the organic phase is washed 
with water (5 mL) and brine (5 mL), anhydrified and evaporated again. 

For the derivatives in which the phenol oxyhydryl is protected as 
TBDMS ether, the residue is dissolved in DCM (10 mL), and TBAF (6 
mmol, 3 equiv.) is added. After 1 hour at room temperature, the mix- 
ture is diluted with DCM (5 mL), washed with water (3x5 mL) and 
brine (5 mL) and anhydrified (Na2S04). After concentration, the resi- 
due is purified with flash chromatography on silica gel. 

For the purification of these products chromatography on silica gel is 
used with an elution gradient of the following type: EtOAc:petroleum 
ether 1:9, 2:8, 3:7. 

Cis-6-r2-(3.4.5-trimethoxv-DhenvlVvinvll-benzorb1thiop hen-4-ol - 

ST2151 : 

White solid, m.p. = 145-147°C: 

iH-NMR (CDCl3)8: 3.64 (s, 6H), 3.83 (s, 3H), 5.34 (s, 1H), 6.50 (d, 
J=12.6 Hz, 1H), 6.54 (s, 2H), 6.60 (d, J=12.6 Hz, 1H), 6.69 (s, 1H), 7.32 
(d, J=5.6 Hz, 1H), 7.41 (d, J=5.6 Hz, 1H), 7.42 (s, 1H). 

Trans-6-r2-(3.4.5-trimethoxv-t)henvlVvinvl1-benzonj1thio-phen-4-ol - 

ST2152: 

Yellow solid, m.p. = 67-69°C; 

iH-NMR (CDCla) 5: 3.88 (s, 6H), 3.92 (s, 3H), 5.50 (s, 1H), 6.74 (s, 2H), 
6.93 (s, 1H), 7.03 (s, 2H), 7.35 (d, J=5.2 Hz, 1H), 7.43 (d, J=5.2 Hz, 1H), 
7.56 (s, 1H). 
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Cis-4-Methoxv-6-r2-(3 < 4.5-trimethoxv-phenvl)-vinvl1-beiizofblthioDhene 
- ST2049: 

Yellow oil. 

iH-NMR (CDCI3) 5: 3.65 (s, 6H), 3.76 (s, 3H) 3.84 (s, 3H), 6.55 (s, 2H), 
6.58 (d, J=11.2 Hz, 1H), 6.64 (d, J=11.2 Hz, 1H), 6.70 (s, 1H), 7.31 (d, 
J=5.0 Hz, 1H), 7.42 (d, J=5.0 Hz, 1H), 7.44 (s, 1H). 

FAB-MS (MALDI-TOF): 356.4 [M+l]. 

trans-4-Methoxy-6-f2-(3.4.5-trimethoxv-plienvD-vinvl1-benzofblthio- 
uhene - ST2050: 

Yellow solid; m.p. = 171-173°C. 

iH-NMR (CDCI3) 5: 3.89 (s, 6H), 3.94 (s, 3H), 4.03 (s, 3H), 6.78 (s, 2H), 
6.95 (s, 1H), 7.10 (s, 2H), 7.33 (d, J=5.6 Hz, 1H), 7.47 (d, J=5.6 Hz, 1H), 
7.58 (s, 1H). 

FAB-MS (MALDI-TOF): 356.3 [M+l]. 

Cis-6-r2-(3.4.5-trimethoxv-phenvlVvinvn-benzofuran-4-ol - ST2179: 

White solid; m.p. = 134-136 °C. * 

iH-NMR (CDCla) 5: 3.57 (s, 6H), 3.77 (s, 3H), 5.12 (s, 1H), 6.42 (d, J=12 
Hz, 1H), 6.44 (s, 2H), 6.53 (d, J=12 Hz, 1H), 6.56 (s, 1H), 6.72 (d, J=2.2 
Hz, 1H), 7.00 (s, 1H), 7.45 (d, J=2.2 Hz, 1H). 

FAB-MS (MALDI-TOF): 327.2 [M+l]. 

Trans-6-r2-(3.4.5-trimethoxv-phenvD-vinvll-benzofuran-4-ol-ST2180: 



Pale yellow solid, m.p. = 142-143°C. 
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iH-NMR (CDC1 3 ) 5: 3.89 (s, 6H), 3.92 (s, 3H), 5.50 (s, 1H), 6.74 (s, 2H), 
6.93 (s, 1H), 7.03 (s, 2H), 7.35 (d, J=5.2 Hz, 1H), 7.43 (d, J=5.2 Hz, 1H), 
7.56 (s, 1H). 

Cis-4-Methoxv-6-r2-C3.4.5-triraethoxv-t>henvlVvinv n-benzo-furan : 

ST2051: 

Yellow oil. 

iH-NMR (CDCla) 5: 3.65 (s, 6H), 3.74 (s, 3H), 3.83 (s, 3H), 6.52 (s, 2H), 
6.55 (d, J=11.2 Hz, 1H), 6.62 (d, J=11.2 Hz, 1H), 6.63 (s, 1H), 6.80 (s, 
1H), 7.10 (s, 1H), 7.51 (s, 1H). 

FAB-MS (MALDI-TOF): 356.4 [M+l]. 

trans-4-Methoxv-6-r2-(3.4.5-triinethoxv-phenvD-vinv l1~berizofuran = 

ST2052: 

Yellow solid, m.p. = 152-153°C. 

iH-NMR (CDCI3) 5: 3.88 (s, 6H), 3.94 (s, 3H), 4.00 (s, 3H), 6.76 (s, 2H), 
6.84 (s, 2H), 7.08 (s, 2H), 7.28 (d, J=2.2 Hz, 1H), 7.54 (d, J=2.2 Hz, 1H). 

FAB-MS (MALDI-TOF): 340.6 [M+l]. 

Cis-5-r2-(3.4.5-trimethoxv-phenvlVviavl1-benzofb1t hiot>hen-7-ol = 

ST2487: 

Brown soUd, m.p. = 152-154°C. 

iH-NMR (CDCI3) 5: 3.63 (s, 6H), 3.83 (s, 3H), 5.51 (s, 1H), 6.48 (d, 
J=12.2 Hz, 1H), 6.52 (s, 2H), 6.64 (d, J=12.2 Hz, 1H), 6.73 (s, 1H), 7.29 
(d, J=3.2 Hz, 1H), 7.41 (d, J=3.2 Hz, 1H), 7.43 (s, 1H). 
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trans-5-r2-(3.4.5-trimethoxv-phenvl)-vinvn-beazorb1thiophen-7-ol 
ST2488: 

Pale yellow solid, m.p. = 172-174°C; 

iH-NMR (CDCI3) 8: 3.S9 (s, 6H), 3.92 (s, 3H), 5.63 (s, 1H), 6.74 (s, 2H), 
6.94 (s, 1H), 7.02 (d, J=2.8 Hz, 1H), 7.32 (d, J=5.2 Hz, 1H), 7.45 (d, 
J=5.2 Hz, 1H), 7.53 (s, 1H). 

cis-5-r2-( 3.4.5-trimethoxv-phenvl')-vinvn-benzofuran-7-ol - ST2491 
(27b): 

White solid, m.p. = 140-141°C; 

iH-NMR (CDCb) 5: 3.63 (s, 6H), 3.83 (s, 3H), 5.20 (s, 1H), 6.46 (d, 
J=12.2 Hz, 1H), 6.52 (s, 2H), 6.57 (d, J=12.4 Hz, 1H), 6.69 (d, J=2.2 Hz, 
1H), 6.82 (s, 1H), 7.12 (s, 1H), 7.58 (d, J=2.2 Hz, 1H). 

trans-5-r2-(3.4.5-trimethoxv-phenvD-vinvll-benzofuran-7-ol - ST2492 
(28b): 

White solid, m.p. = 173-175°C; 

1 H-NMR (CDCls) 5: 3.89 (s, 6H), 3.92 (s, 3H), 6.01 (s, 1H), 6.74 (s, 2H), 
6.97 (s, 1H), 7.06 (d, J=3.2 Hz, 1H), 7.26 (d, J=5.2 Hz, 1H), 7.45 (d, 
J=5.2 Hz, 1H), 7.60 (s, 1H). 

By means of an analogue process were obtained: 

cis-6-[2-(3,5-dimethoxy-phenyl)-vinyl]-benzo[b]thiophen-4-ol - ST2900. 

l H NMR 6 (CDCI3): 3.63 (s, 6H), 5.06 (s, 1H), 6.32-6.34 (m, 1H), 6.45 (d, 
J=2.2 Hz, 2H), 6.53 (d, J=12.4 Hz, 1H), 6.60-6.66 (m, 2H), 7.34 (s, 1H), 
7.38-7.40 (m, 2H). 



cis-5-[2-(3,5-dimethoxy-phenyl)-vinyl]-benzofuran-7-ol - ST2901. 
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'H NMR 5 (CDCls): 3.62 (s, 6H), 5.07 (s, 1H), 6.30-6.32 (m, 1H), 6.43 (d, 
J=2.2 Hz, 2H), 6.48 (d, J=12.2 Hz, 1H), 6.64 (d, J=12.2 Hz, 1H), 
6.67.6.69 (m, 1H), 6.78 (d, J=1.4 Hz, 1H), 7.10 (s, 1H), 7.57 (d, J=2.2 
Hz, 1H) 

cis-6-[2-(3,5-dimethoxy-phenyl)-vinyl]-benzofuran-4-ol - ST2902. 

iH NMR 5 (CDCI3): 3.64 (s, 6H), 4.93 (s, 1H), 6.31-6.34 (m, 1H), 6.43 (d, 
J=2.4 Hz, 2H), 6.53 (d, J=12.2 Hz, 1H), 6.57 (s, 1H), 6.63 (d, J=12.2 Hz, 
1H), 6.78 (dd, J=2.2 Hz, J=l Hz, 1H), 7.05 (s, 1H), 7.51 (d, J=2.2 Hz, 
1H). 

Example 4 

Preparation of ST2053. ST2054. ST2055. ST2056. ST2057. ST2058. 
ST2181 and ST2182 

These compounds are prepared according to synthesis Scheme 6 here 
below: 

Aldehydes 29a,b were prepared with a synthesis process in all re- 
spects similar to that used to prepare aldehydes 17a,d (Scheme 4). 

SCHEME 6 




30a(ST2053> R = a 31a (ST2054> R = a 

30b(ST2055> R = b 31b(ST2056)t R-b 

30c (ST2181): R = e 32 (ST20S7) : R = c 

33 (ST2058): R = d 
34(ST2182>: R = e 
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cis-l-Methoxv-3-r2-(3.4.5-trimethoxv-pheDvl)-vinvl]-naphthalene - 
ST2053: 

Colourless oil. 

1H-NMR (CDC13) 5: 3.63 (s, 6H), 3.75 (s, 3H), 3.83 (s, 3H), 6.57 (s, 1H), 
6.66 (d, J=13.2 Hz, 1H), 6.71 (d, J=13.2 Hz, 1H), 6.75 (s, 1H), 7.44 (m, 
4H), 7.69 (m, 1H), 8.12 (m, 1H). 

FAB-MS (MALDI-TOF): 350.3 JM+1]. 

trans-l-Methoxv-3-r2-(3.4.5-trimethoxv-phenvl)-vinvl]-naphthalene - 
ST2054: 

Yellow solid; m.p. = 166-168°C. 

iH-NMR (CDC13) 5: 3.89 (s, 3H), 3.95 (s, 6H), 4.09 (s, 3H), 6.80 (s, 2H), 
7.06 (s, 1H), 7.16 (s, 2H), 7.46 (in, 3H), 7.76 (dd, J=9.2 e 1.8 Hz, 1H), 
8.20 (dd, J=9.2 e 1.8 Hz, 1H). 

FAB-MS (MALDI-TOF): 350.3 [M+l]. 

cis-7-Methoxv-l-methvl-5-r2-(3.4.5-trimethoxv-phenvlVvinvn-lH-inda- 
zole- ST2055: 

White solid, m.p. 1S2-183°C; 

1 H-NMR (CDCI3) 6: 3.64 (s, 3H), 3.67 (s, 3H), 3.82 (s, 3H), 4.23 (s, 3H), 
6.51 (d, J=12.5 Hz, 1H), 6.53 (s, 2H), 6.59 (d, J=12.5 Hz, 1H), 7.19 (s, 
1H), 7.80 (s, 2H). 

trans-7-Methoxv-l-methvl-5-r2-(3.4.5-trimethoxv-phenvlVvinvn-lH- 
indazole- ST2056: 



Oil; 
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iH-NMR (CDCI3) 6: 3.86 (s, 3H), 3.91 (s, 6H), 4.01 (s, 3H), 4.28 (s, 3H), 
6.73 (s, 2H), 6.94 (d, J=15.8 Hz, 1H), 7.06 (d, J=15.8 Hz, 1H), 7.31 (s, 
1H), 7.86 (s, 2H). 

2-Nitro-5-r2-(3.4.5-trimethoxv-phenvD-vinvl1-thiophene - ST2057: 
Yellowish oil, 

iH NMR (CDCI3) 5 3.89 (s, 3H), 3.93 (s, 6H), 6.73 (s, 2H), 6.99 (d, 1H, J 
= 4.4 Hz), 7.06 (s, 2H), 7.85 (d, 1H, J = 4.4 Hz). 

2-Nitro-5-r2-(3.4.5-trimethoxv-phenvlVvinvll-furan - ST2058: 
Yellowish oil. 

m NMR (CDCla) 5 3.90 (s, 3H), 3.92 (s, 6H), 6.53 (d, 1H, J = 3.7 Hz), 
6.76 (s, 2H) 7.28 (s, 2H), 7.38 (d, 1H, J = 3.6 Hz). 

cis-3-f2-(3.4.5-trimethoxv-phenvl')-vinvn-naphthalen-l-ol- ST2181: 
Yellow solid, m.p. = 163-165°C. 

iH-NMR (CDCI3) 5: 3.62 (s, 6H), 3.84 (s, 3H), 5.56 (s, 1H), 6.53 (d, 
J=12.4 Hz, 1H), 6.56 (s, 2H), 6.68 (d, J=12.4 Hz, 1H), 6.79 (s, 1H), 7.38 
(s, 1H), 7.45 (m, 2H), 7.72 (dd, J=9.S e 3.6 Hz, 1H), 8.11 (dd, J=9.8 e 3.6 
Hz, 1H). 

trans-3-r2-(3.4.5-trimethoxv-phenvD-vinvn-naphthlen-l-ol - ST 2182: 
Yellow solid, m.p. = 176-178°C. 

iH-NMR (CDCI3) 8: 3.90 (s, 3H), 3.93 (s, 6H), 5.73 (s, 1H), 6.77 (s, 2H), 
7.07 (m, 3H), 7.46 (m, 3H), 7.80 (dd, J=9.6 e 2.8 Hz, 1H), 8.14 (dd, 
J=9.6 e 2.8 Hz, 1H). 



WO 2005/007635 



PCT/IT2004/000373 



35 



Example 5 

SCHEME 7 




och 3 o 

ONa 

General process for obtaining 34 and 35 



To a solution of 1.2 mmol of ST2151 (or ST2179) in 5 mL of anhydrous 
CH3CN, cooled to -25°C, were added 581 jJL (6 minol; 5 eq.) of CC1 4 . 
After approximately 10 minutes the following were added in the order 
indicated: 429 |xL (2.59 mmol; 2.1 eq.) of diisopropylethylamine, 15 mg 
(0.12 mmol; 0.1 eq.) of dimethylaminopyridine and 383 jj,L (1.74 mmol; 
1.45 eq.) of dibenzyl-phosphyte. After 2 h at — 10°C the reaction was 
complete and was added with 20 mL of KH2PO4 0.5 M, and the aque- 
ous phase was shaken with AcOEt (3 x 10 mL). The organic phases 
were dried on anhydrous Na2SC>4 and the crude product was purified 
by chromatography on Si02 with hexane:AcOEt 75:25 to give 1.05 
mmol: yield: 88% of the expected product as a yellow oil. 

6r(Z)-2-(3,4 < 5-trimethoxvnhenvl)ethenvn-l-benzothiophen-4-olo 4-Q- 
dibenzvl-phosphate (34) . 



Fr = 0.11 in hexane/AcOEt 8:2, MS-IS: [M+H] + = 603.2 
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iH-NMR (300 MHz, CDCla) 5: 3.6 (s, 6H, 2xOCH 3 ), 3.8 (s, 3H, OCH3), 
5.05 (s, 2H, CH 2 ), 5.1 (s, 2H, CH 2 ), 6.5 (s, 2H, 2xCH ar ), 6.6 (bs, 2H, 
2xCHar), 7.2-7.4 (m, 11H, llxCH ar ), 7.6 (s, 1H, CH ar ). 

13C-NMR (75 MHz, CDCI3) 5: 56.1; 61.1; 70.3; 106.4; 115.9; 119.7; 
120.4; 127.1; 128.2; 128.8; 128.9; 129.0; 131.1; 131.6; 132.2; 134.9; 
135.6; 153.2. 

6f(Z)-2-(3.4.5-trimethoxvphenvl)ethenvll-l-benzofuran-4-ol-4-0- 
dibenzvl-phosphate (35) . 

Fr = 0.20 in hexane/AcOEt 7:3, MS-IS: [M+H]^ 587.2 

iH-NMR (300MHz, CDCI3) 8: 3.6 (s, 6H, 2xOCH 3 ), 3.8 (s, 3H, OCH 3 ), 
5.05 (s, 2H, CH 2 ), 5.1 (s, 2H, CH2X 6.45 (s, 2H, 2xCHar), 6.55 (bs, 2H, 
2xCHar), 6.75 (bs, 1H, CHar), 7.05 (s, 1H, CHar), 7.2-7.4 (m, 11H, 
llxCHar), 7.5 (bs, 1H, CHar). 

13C-NMR (75 MHz, CDCI3) 8: 56.1; 61.1; 70.3; 98.8; 104.3; 106.4; 109.1; 
115.1; 119.9; 128.2; 128.8; 128.9; 129.2; 130.9; 132.3; 134.7; 135.5; 
145.5; 153.2; 156.5. 

General process for obtaining ST2495 and ST2496 

To the solution of 1.2 mmol of dibenzyl-ester 34 (or 35) in 7 mL of an- 
hydrous CH3CN were added, at room temperature, 36 mg (2.4 mmol: 2 
eq.) of Nal and then the solution of 303 uL (2.4 mmol; 2 eq.) of Me 3 SiCl 
in 1 mL of anhydrous CH3CN. After 2 h the reaction was complete and 
the minimum amount of water to solubilise the salts was added, as 
well as a 10% Na2S203 solution until decoloration of the reaction mix- 
ture was achieved. The solution thus obtained was shaken with AcOEt 
until complete extraction of the product in the organic phase; the or- 
ganic phases were dried on Na2S04 and the solvent removed in vacuo. 
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The benzyl-ester can be removed by BTMS [S. Lazar, et al., Synthetic 
Comm. 1992, 22(6), 923-31] but the reaction was less rapid than with 
Nal. 

The crude oil thus obtained was dissolved in 4 mL of anhydrous 
MeOH, and 130 rng (2.4 mmol; 2 eq.) of NaOMe were added to the so- 
lution. The mixture was left at room temperature for 20 h, until com- 
plete salification was achieved. The solvent was then removed in vacuo 
and the residue washed with Et20 to give 1.1 mmol (yield: 92%) of 
product as a white solid. 

Alternatively, the sodium salt can be prepared in NaOH IN solution. 

Disodium 6r(Z)-2-(3.4.5-trimethoxvphenvl)ethenvl]-l-benzo-thiophen-4- 
ol-4-O-phosphate - ST2495. 

T dec = 226°, MS-IS:[M-1] = 419. 

iH-NMR (300 MHz, D 2 0) 5: 3.4 (s, 3H, OCH 3 ), 3.1 (s, 3H, OCH 3 ), 3.75 
(s, 3H, OCH 3 ), 6.4-6.45 (d, 1H, CHolef), 6.5(s, 2H, 2xCHar), 6.1-6.15 (d, 
1H, CHolef), 7.25-7.5 (m, 4H, 4xCHar). 

13C-NMR (75 MHz, D 2 0) 5: 30.4; 55.7; 56.0; 56.2; 61.1; 104.1; 106.9; 
115.5; 116.6; 121.5; 121.6; 126.1; 126.3; 127.6; 128.3; 128.6; 128.9; 
129.9; 130.7; 132.6; 132.7; 133.6; 134.3; 134.7; 136.1; 140.9; 141.6; 
149.2; 152.3; 152.8. 

Disodium 6{"(Z)-2-(3.4.5-trimethoxvphenvl)ethenvll-l-benzo-furan-4-ol 
4-O-phosphate - ST2496. 

T dec = 212°, MS-IS:[M-l]-= 403. 

iH-NMR (300MHz, D2O) 8: 3.5 (s, 6H, 2xOCH 3 ), 3.6 (s, 3H, OCH 3 ), 6.4- 
6.45 (d, 1H, CHolef), 6.5(s, 2H, 2xCHar), 6.6-6.65 (d, 1H, CHolef), 6.85- 
7.1 (m, 3H, 3xCHar), 7.5 (s, 1H, CHar). 
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13 C-NMR (75MHz, D 2 0) 5: 30.4; 55.8; 56.0; 56.2; 61.1; 98.8; 104.1; 
104.2; 104.8; 105.9; 106.8; 114.9; 120.3; 127.6; 128.0; 12S.6; 129.7; 
130.9; 133.7; 134.2; 136.1; 145.2; 147.4; 152.1; 152.3; 152.8; 156.0. 

Also objects of the present invention are the intermediate synthesis 
products 15a,b, 16a-d, 17a-d, 23a,b, 24a,b, and 26a,b described in 
Schemes 4 and 5. 

Preparation of 43(ST2S98). 44. 45a.b (ST2899, ST2897). and 46a.b 

The compounds are prepared according to synthesis in Schemes 8 and 
9 here below 



Scheme 8 




a: X~S 
b:X=0 
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General process for obtaining 37 and 40 

To the appropriate alcohol 36, or 39 a,b (1.8 mmol) dissolved in THF 
(15mL) is added CBr 4 (2.87 mmol, 953 mg, 1.6 equiv.) and P(Ph) 3 2.87 
mmol, 754 mg, 1.6 equiv.) at 0°C. The reaction is left at room tempera- 
ture for 1.5 hours; after which the mixture is diluted with EtOAc (10 
mL), washed with water (5 mL) and brine (5 mL) and the organic 
phase is dried. After concentration, the residue is purified by flash 
chromatography on silica gel. The derivatives 37 and 40a 9 b are ob- 
tained as colourless oils. 

5- Bromomethvl-7-methoxv-benzofuran 
Yield: 54%. Oil. 

iHNMR (CDCI3) 5 4.03 (s, 3H), 4.61 (s, 2H), 6.74 (d, 1H, J = 2.2 Hz), 
6.84 (d, 1H, J = 1.6 Hz), 7.23 (d, 1H, J = 1.4), 7.64 (d, 1 H, J = 1.8). 

6- Bromomethvl-4-methoxv-benzofuran 
Yield: 80%. Oil. 

iHNMR (CDCI3) 5 3.96 (s, 3H), 4.62 (s, 2H), 6.69 (d, 1H, J = 1.2 Hz), 
6.83-6.84 (m, 1H), 7.18 (s, 1H), 7.5 (d, 1 H, J =2.2 Hz). 

6-Bromomethvl-4-methoxv-benzothiophene 
Yield: 60%. Oil. 

iHNMR (CDCI3) S 3.97 (s, 3H), 4.63 (s, 2H), 6.69 (d, 1H, J = 1.3 Hz), 
6.89 (s, 1H), 7.22(s, 1H), 7.59 (s, 1 H). 

General process fo r obtainin g 38 and 41 

To a solution of 37 or 40 a,b (0.97 mmol) in xilene (10 ml) is added 
P(Ph)3 (1.65 mmol, 433 mg, 1.7 equiv.), and the resulting suspension is 
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brought to the boil for 12 hours. The suspension is filtered, the residue 
is washed with diethyl ether and crystallized from methanol-diethyl 
ether. The salts 38 and 41 a,b are obtained as colourless solid materi- 
als with a m.p. over 180 °C with decomposition. 

7-Methoxv-benzofuran-5-vlmethvl)-triphenvl-phosphonium 

Yield: 85%, 1 H-NMR (CDC1 3 ) 5: 3.66 (s, 3H), 5.50 (d, 2H, J= 13.6 Hz), 
6.55 (d, 1H, J= 2 Hz), 6.78 (s, 1H), 6.93 (s, 1H), 7.54- 7.81 (m, 16H). 

4-Methoxv-benzofuran-6-vlmethvl)-triphenvl-phosphonium 
Yield: 83%. 

iH-NMR (CDCI3) 5: 3.63 (s, 3H), 5.49 (d, 2H, J= 14.2 Hz), 6.74-6.78 (m, 
3H), 7.57-7.67 (m, 16H). 

4-Methoxv-benzorb1thiophen-6-vlmethvl-triphenvl-pho sphonium 

Yield: 80%, iH-NMR (CDCI3) 5: 3.65 (s, 3H), 5.48 (d, 2H, J= 14.1 Hz), 
6.75-6.79 (m, 3H), 7.58-7.68 (m, 16H). 

General process for obtaining 43 (ST2898V 44. 45 a h (ST2S99. ST2897) 
and 46 a,b 

To a solution of the aldehyde 42, (359.6mg, 1.35 mmol) in 10 mL of an- 
hydrous THF is added the phosphonic salt 38, or 41 a,b (1.35 mmol,l 
equiv.). The suspension thus obtained is cooled in an ice bath, after 
which NaH is added (50% in mineral suspension, 1.62 mmol, 1.2 
equiv., 77 mg). The reaction is left to stir at room temperature for 2 
hours, then is filtered on a celite bed and is washed with THF. Evapo- 
ration is done and the residue is extracted with DCM (15 mL) and is 
washed with water (5 mL) and brine (5 mL), and then dried and 
evaporated again. The residue is dissolved in DCM (10 mL) and TBAF 
(6 mmol, 3 equiv.) is added. After 1 hour at room temperature, the so- 
lution is diluted with DCM (5 mL), washed with water (3x5 mL) and 
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brine (5 mL) and then dried (Na2S04). After concentration, the residue 
is purified by flash chromatography on silica gel using EtOAc- 
petroleum ether 2-8. 

Cis-2-Methoxv-5-r2-(7-methoxv-benzofuran-5-vl)-vinvn-phenol ST2898 

on. 

iH-NMR (CDC1 3 )5: 3.81 (s, 3H), 3.S6 (s, 3H), 5.47 (s, 1H), 6.48 (d, J = 
12 Hz, 1H), 6.60 (d, J = 12.2 Hz, 1H), 6.68 (d, J = 2 Hz, 1H), 6.72 (s, 
1H), 6.75 - 6.76 (m, 2H), 6.S8 (d, J = 2 Hz, 1H), 7.1 (s, 1H), 7.57 (d, J = 
2 Hz, 1H). 

Trans-2-Methoxv-5-f2-(7-methoxv-benzofuran-5-vl)-vinvn-phenol . 

on. 

1 H-NMR (CDC1 3 )5: 3.92 (s, 3H), 4.1 (s, 3H), 5.62 (s, 1H), 6.75 (d, J = 1.8 
Hz, 1H), 6.83- 6.86 (m, 2H), 6.95- 7.02 (m, 4H), 7.2 (s, 1H), 7.61 (d, J = 
2 Hz, 1H). 

Cis-2-Methoxv-5-r2-(4-methoxv-benzofuran-6-vlVvinvn-uhenol ST2897 
Oil. 

iK-NMR (CDCl3)5: 3.76 (s, 3H), 3.86 (s, 3H), 5.52 (br, 1H), 6.50 (d, J = 
12 Hz, 1H), 6.56 - 6.64 (m, 2H), 6.73 (s, 1H), 6.78 - 6.80 (m, 2H), 6.91 
(d, J = 2 Hz, 1H), 7.01 (s, 1H), 7.49 (d, J = 2 Hz, 1H). 

Trans-2-Methoxv-5-f2-(4-methoxy-benzofuran-6-vl)-vinvn-phenol 



on. 
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»H-NMR (CDC1 3 )5: 3.S5 (s, 3H), 3.92 (s, 3H), 5.53 (s, 1H), 6.75-6.77 (m, 
3H), 6.92 (d, J=2, 1H), 6.96 (s, 3H), 7.1 (d, J = 2.2 Hz, 1H), 7.45 (d, J = 
2.2 Hz, 1H). 

Cis-2-Methoxv-5-r2-(4-methoxv-benzorblthiophen-6-vl)-vinvl1-phenol 

ST2899 

Oil. 

iH-NMR (CDC1 3 )5: 3.74 (s, 3H), 3.87 (s, 3H), 5.50 (s, 1H), 6.52 (d, J = 
12 Hz, 1H), 6.60 (d, J = 12. Hz, 1H), 6.68- 6.72 (m, 2H), 6.78 (d, J = 2 
Hz, 1H), 6.91 (d, J = 2 Hz, 1H), 7.29 (d, J = 5.4Hz, 1H), 7.37 - 7.44 (m, 
2H). 

Trans-2-Methoxv-5-f2-(4-methoxv-benzorblthiophen-6-vl)-vinvn-phenol 
Oil. 

»H-NMR (CDC1 3 )5: 3.85 (s, 3H), 3.95 (s, 3H), 5.54 (s, 1H), 6.76- 6.85 (m, 
3H), 6.98 (s, 2H), 7.10 (d, J = 2 Hz, 1H), 7.19(s, 1H), 7.36 - 7.39 (m, 
1H), 7.47 (s, 1H). 

Preparation of 19a (ST2151> and 19c (ST2179) bv photochemical iso- 
merization. 



The compounds are prepared according to synthesis in Scheme 10 here 
below 
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Scheme 10 




19a(ST2151):X=S 
19c(ST2179):X=0 

General process for obtaining 47a, c 

To a solution of 20a (ST2152) or 20c (ST21S0) (1,2 mmoli) in dichlo- 
rometane (4,8 ml), pyridine (2,1 eq.) and 4-dimethylaminopyridine 
(catalytic amount) were added and stirred in a dry flask. 

Acetyl chloride (2 eq.) solubilized in dichlorometane (1,9 ml) was added 
dropwise at 0°C and the mixture was stirred overnight at rt. 
The reaction was diluted with dichlorometane, and washed two times 
with HC1 (acq. sol. 10%), twice with water, twice with saturated bicar- 
bonate solution and once with saturated brine. The organic layer was 
dried over anhydrous sodium sulphate and concentrated in vacuo. The 
crude material was used without further purification. 

General process for obtaining 48a.c 

The crude 47 was divided in 300 mg portions and solubilized in metha- 
nol (300 ml ca.), all portions were treated as follows: the UV-VIS lamp 
was soaked in the solution and turned on. After about 45 minutes. the 
light was switched off, the lamp was taken out and solvent was evacu- 
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ated. The resulting crude materials were combined and used without 
further purification. 

General process for 19a(ST2151) 

To a stirred solution of 48 (1 mmoli) in THF (3 ml), methanol (1 ml) 
and water (1 ml) was added lithium hydroxide (3 eq.) at 0°C. After 1 
hour at rt the mixture was concentrated in vacuo, diluted with water 
and washed with diethyl ether (two times). The aqueous layer was 
acidified, extracted with diethyl ether (three times) and dried over an- 
hydrous sodium sulphate. The product was purified with a silica gel 
column chromatography. The total yield starting from 20a,c is about 
50%. 

Photochemical isomerization: Both drug and prodrug forms of the stil- 
bene derivatives, object of this patent, could be photoisomerizated by 
exposure to electromagnetic radiation, especially ultraviolet-visible 
light. In organic solution (MeOH, AcOEt, etc.), under argon, independ- 
ently of E/Z starting isomer, there is a photochemical isomerization 
with, usually, an E/Z ratio of 70:30. 

General process for obtaining compounds 54 and 55. 



These compounds can be obtained in the same manner as described for 
the ST2151 and ST2179 (Scheme 11). 
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Scheme 1 1 

OH 

a: X = S t Ri= CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , OCI-^CH^.CsHsN, Br; R^H 
b:X=S, Ri=H; R^CHg, CH 3 CH 2 , (CH^CH, C 6 H 6 , OCH 3 , OCH 2 CH 3 .C 5 H 5 N, Br; R 2 =H 

c: X = O. R t = CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , OCH 2 CH 3 ,C 5 H 5 N. Br; Ro=H 
d:X=0, R^H; R 2 =CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3t OCHsCH^CsHsN, Br 




a: X = S, CH 3 , CH 3 CHn, (CH 3 )oCH, C 6 H 6 , OCH 3 , OCH2CH 3 ,C 5 H 5 N, Br; R 2 =H; R 3 = TBDMSi 
b:X=S, R^H; R 2 =CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , bCH 2 CH 3 ,C5H 5 N, Br; R 3 = TBDMSi 

c: X = O, Ri= CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , OCHoCH 3 ,C5H 5 N, Br; R 2 =H; R 3 = TBDMSi 
d:X=O t R-j=H; R 2 =CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , OCH 2 CH 3 ,C5H 5 N. Br; R 3 = TBDMSi 




a: X = S, R t = CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , OCH 2 CH 3l C 5 H 5 N;Br; R^H; R 3 = TBDMSi 
b:X=S, R^H; R 2 =CH 3 , CH 3 CH 2 , (CH 3 ) 2 CH, C 6 H 6 , OCH 3> OCH 2 CH 3 ,C 5 H 5 N, Br, R 2 =H; R 3 = TBDMSi 

c: X = O, R 1 = CH 3 , CrbCHo, (CH 3 ) 2 CH, C 6 H 6 , OCH 3 , OCH 2 CH 3 ,C 5 H5N, Br; Rr=H; R 3 = TBDMSi 
d:X=0, R^H; R 2 =CH 3 . CH 3 CH 2 , (CH^CH, C 6 H6, OCH 3 , OCHgCH^CsHsN, Br; R 3 = TBDMSi 



WO 2005/007635 



PCT/IT2004/000373 



46 



General process for obtaining compounds 56. 



The prodrug 56 was prepared by the route described in Scheme 12. 
Typical methyloxy-phosphorylation method was first treated the phe- 
nolic residue with sodium hydride followed by protected chloromethyl 
phosphate prepared as a described method [Mantyla A. et al. Tetrahe- 
dron Lett. 2002, 43, 3793-4). The protecting group was removal by a 
saturated EtOAc/HCl solution, followed by a disodium salt preparation 
in NaOH/H 2 0 solution. 

Scheme 12 

1) (BnO) 2 P(0)OCHXI j 
n-Bu<NI; NaH; DMF ^^V^^T^V 

2) EtOAc/HCl 

3) NaOH/H z O OCH^PO,^ 

56 



MeO. 



MeO 




OMe 



a) X = 0 

b) X = S 



General process for obtaining compounds 57. 



Starting with aminostilbene derivatives, the coupling with aminoacids 
has been produced by Fmoc route, followed by cleavage of the a-amino 
protecting group [G.R.Pettit et al., J.Med.Chem 2002, 46 y 525-31] 



Scheme 13 



MeO 



MeO 




1) Zn/AcOH 



2) FmocNH-CHR-COOH; CH 2 CU. 
DIPEA; PyBroP 

3) TAEA, C^CIj or TFA/CH^ 



NH-CO-CHR-NH 2 
57 
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Scheme 14 



17a: X=S,R»TBDMS,R, -CHO 
17c: X=0, R-TBDMS. R, = CHO 




S9a(STtt9l):R=H.X-S 
59c (ST29J4) : R -H , X - O 



5Sc (ST2933) : R -H . X - O 



General process for obtaining ST289L ST2892. compounds ST2933 
and ST2934 

To a suspension of NaH (S0% in mineral suspension, 7.4 mmol, 3.7 
equiv., 220 mg) phosphonium salt (62) (8 mmol, 4.06 g., 4 equiv.) is 
added and the mixture is stirred for 30 min. at rt. A solution of alde- 
hyde 17a-c (2 mmol) in 10 mL of anhydrous THF is then added to the 
reaction mixture, previously cooled down to 4°C. It is left to stir at 
room temperature for i.5 hours and filtered on a celite bed, washing 
with THF. Evaporation is performed and the residue is extracted with 
DCM (15 mL), and the organic phase is washed with water (5 mL) and 
brine (5 mL), anhydrified and evaporated again. 

For the derivatives in which the phenol oxyhydryl is protected as 
TBDMS ether, the residue is dissolved in DCM (10 mL), and TBAF (6 
mmol, 3 equiv.) is added. After 1 hour at room temperature, the mix- 
ture is diluted with DCM (5 mL), washed with water (3x5 mL) and 
brine (5 mL) and anhydrified (Na2SC>4). For the purification of these 
products chromatography on silica gel is used with an elution gradient 
of the following type: Hexane/EtOAc 99:1, 9:1, 85:15. 



6-f(Z)-2-(7-methoxv-1.3-benzodioxol-5-vl)vinvn-l-benzothiophene-4-ol — 



ST2892: 

White solid, m.p. = 121-123°C. 
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iH-NMR (CDCI3) 5: 3.68 (s, 3H), 5.93 (s, 2H), 6.49 (d, J=12.3 Hz, 1H), 
6.51 (s, 2H), 6.56 (d, J=12.3 Hz, 1H), 6.67 (s, 1H), 7.33 (d, J=5.5 Hz, 
1H), 7.39 (s, 1H), 7.40 (d, J=5.5 Hz, 1H). 

6-r(EV2-(7-methoxv-1.3-benzodioxol-5-vDvinvn-l-benzothiophene-4-ol - 
ST2891. 

White solid, m.p. = 14S-150°C. 

iH-NMR (CDCI3) 5: 3.95 (s, 3H), 5.99 (s, 2H), 6.66 (s, 1H), 6.76 (s, 1H), 
6.90 (s, 1H), 6.98 (s, 2H), 7.34 (d, J=5.5 Hz, 1H), 7.42 (d, J=5.5 Hz, 1H), 
7.53 (s, 1H). 

64(ZV2-(7-methoxv-1.3-benzodioxQl-5-vDvinvll-l-benzothiophene-4-ol - 
ST2933: 

Pale yellow oil. 

iH-NMR (CDCI3) 5: 3.72 (s, 3H), 5.95 (s, 2H), 6.4S (d, J=9.3 Hz, 1H), 
6.49 (s, 2H), 6.53 (d, J=9.3 Hz, 1H), 6.61 (s, 1H), 6.81 (d, J=2.2 Hz, 1H), 
7.07 (s, 1H), 7.54 (d, J=2.2 Hz, 1H). 

MS=309 [M-l] 

6-r(EV2-(7-methoxv-1.3-benzodioxol-5-vl)vinvn-l-benzothio phene-4-ol - 
ST2934. 

White solid. 

iH-NMR (CDCI3) 5: 3.96 (s, 3H), 6.01 (s, 2H), 6.66 (d, J=1.5 Hz, 1H), 
6.76 (d, J=1.5 Hz, 1H), 6.85 (s, 1H), 6.86 (d, J=2.2 Hz, 1H), 6.97 (s, 2H), 
7.23 (s, 1H), 7.56 (d, J=2.2 Hz, 1H). MS=309 [M-l] 
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Scheme 15 



CH.O^ ^CHO 



YY NaBH 4l MeOH CH 30y^CH 2 OH 1) PBr 3 , Pyr, THF. 0°C ^VV^ 

\_<5 0°C-rt,98% °\i 2) PPh 3> Xylene, 100°C °\Sq 

60 ° 61 ^ W 62 



General process for obtaining 61 

NaBH4 (65.4 mmol, 1.2 eq., 2.47 g) is added, at 4°C, to a solution of 
compound 60 (54.5 mmol, 9.82 g). The reaction is complete in 1 hour, 
the solvent has been removed under reduced pressure, the residue has 
then been washed between EtOAc and water and the crude product 
purified by silica gel chromatography using the following gradient: 
Hexane/EtOAc 9:1, 7:3, 65:35. 



P* (Ph) 3 Br* 



White solid, m.p. = 64-66°C. 



1 H-NMR (CDCls) 6: 2.24 (s, 1H), 3.92 (s, 3H), 4.58 (s, 2H), 5.98 (s, 2H), 
6.56 (s, 2H). 



General process for obtaining 62 



To a solution of 61 (53.8 mmol, 9.8 g) and pyridine (0.260 mL) in THF 
(100 mL), PBr 3 (134.5 mmol, 12 mL, 2.5 eq.) has been added at 4°C. Af- 
ter three hours at this temperature the reaction is complete and the 
reaction mixture has been washed between water and diethyl ether, 
the collected organic layers have been neutralized with saturated Na- 
HCO3 and anhydrified over Na2S04- The solvent has been removed 
under reduced pressure. 

A solution of PPh3 (64.5 mmol, 16.93 g, 1.2 eq.) in xylene (100 mL) has 
been dropped into a solution of the crude bromide in xylene (120 mL); 
the reaction mixture has been refluxed for 1.5 hours until completion. 
The suspension has been cooled down to room temperature and filtered 
to obtain the desired product as a white solid. 
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White solid, m.p. = 159-162°C. 

iH-NMR (CD3OD) 8: 3.56 (s, 3H), 5.93 (s, 2H), 6.17-6.22 (m 2H), 7.64- 
7.98 (m, 17H). 

Cell cultures and cytotoxicity tests 

The cytotoxic effect of our derivatives was evaluated in series of hu- 
man and murine cell lines. 

Human umbilical vein endothelial cells (HUVEC), from the BioWhit- 
taker company, were maintained in EGM-2 culture medium (Bio Whit- 
taker). 

Bovine microcirculatory endothelial cells (BMEC), isolated from bovine 
adrenal glands, were maintained in culture in DMEM containing 20% 
FBS, 50 ^ig/ml of bovine brain extract (BBE), 50 units/ml of heparin 
(SIGMA), 100 units/ml of gentami-cin (SIGMA) and 10 mg/ml of L- 
glutamine (Hyclone). EA-hy926, an immortalised hybridoma of 
HUVEC and adenocarcinoma cells, obtained from the University of 
Bari Department of Biomedical Sciences and Human Oncology, was 
cultured in DMEM added with 10% FBS and gentamicin. 

The following cell lines, purchased from ATCC, were cultured accord- 
ing to the manufacturers instructions: Me Wo human melanoma, NCI- 
H460 human lung cancer, L0V0 human colon adenocarcinoma, PC3 
human prostate carcinoma, MES-SA human uterine sarcoma, HCT 
116 human colorectal carcinoma, MCF-7 human breast carcinoma. 

The M109 murine lung cancer line, the HT29 human colon adenocar- 
cinoma line, the A2780 human ovarian carcinoma line, obtained from 
the Milan Tumour Institute, were cultured in RPMI containing 10% 
FBS and antibiotics. 
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The B16/BL6 murine melanoma line, obtained from the M. Negri Insti- 
tute in Milan, was cultured in DMEM containinglO% FBS and antibi- 
otics. 

For the cytotoxicity test the cells were seeded at variable densities ac- 
cording to cell type in 96-well plates in normal culture medium (200 
fil/well) and incubated for 24 hours at 37°C. On the next daj% the study 
substances were added at scalar concentrations and the cells were in- 
cubated for a further 24 hours at 37°C in a humidified atmosphere 
containing 5% CO2. At the end of the incubation period the medium 
containing the substances was removed and three washings with PBS 
were performed. At the end of the washings 200 (il/well of fresh me- 
dium were added and the plates were incubated at 37°C for a further 
48 hours. At the end of this incubation period the culture medium was 
removed by overturning the plates and 200 iil/well of PBS and 50 jil of 
80% cold trichloroacetic acid (TCA) were added. The plates were then 
incubated in ice. After 1 h the TCA was removed, the plates were 
washed three times by immersion in distilled water and dried first on 
blotting paper and then in the oven. 200 \il of 0.4% sulforodamine B in 
1% acetic acid were then added to all wells. The plates were incubated 
at room temperature for a further 30 minutes. The sulforodamine B 
was removed by overturning, the plates were washed three times by 
immersion in 1% acetic acid, and then dried first on blotting paper and 
then in the oven. 200 jul of Tris base 10 mM were then added to all 
wells and the plates were placed under stirring for at least 20 min. The 
optical density was measured by spectrop ho tome trie readout at 540 
nm. 

Table 1 shows the IC50 values of ST2151 and ST2179, that is to say the 
concentration capable of inhibiting cell survival by 50%, processed us- 
ing ALLFIT software. In the same table are reported the IC50 of 
ST2897, ST2898 and ST2899 on BMEC. 
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Table 1 







IC50 ± SE (nM) 




Cell line 


ST2151 


ST2179 


ST2495 


ST2496 


BMEC 


87±1 


49±1 


640±40 


340±16 


HUVEC 


49±0.64 


n.d. 




85±1.2 


EAHY.926 


52±4.9 


40±3.9 






XML/1-J14DU 


74±2.9 


53±1.3 


620±65 


780±3.4 


M109 


490±30 


93±6 




- 


HT29 


900±65 


990±40 


>10000 


3900±70 


LoVo 


360±0.01 


490±0.04 






PC3 


120±0.01 


100±0.01 






B16/BL6 


85±0.5 


44±3.8 


>10000 


4140±490 


A2780 


70±2 


50±2 


500±20 


260±6 


MeWo 


68±5 


71=fcl7 


830±0.13 


820±7.7 


MESSA 


86±10 


40±4 


1420±49 


500±50 


HCT-116 


84±3.8 


54±9 


3000±102 


1680±70 


MCF-7 


66±2.7 


38±3 


693±21 


646±29 






IC50 ± SE (nM) 




Cell line 


ST2897 


ST2898 


ST2899 


BMEC 


35±1.8 


35±0.3 




«40 



Tubulin polymerisation inhibition test 

The tubulin polymerisation test in the presence of ST2151 was per- 
formed as described by Shiff et al (Biochemistry, 1981, 20: 3247-3252) 
with a number of modifications. In brief, tubulin rich in microtubule- 
associated proteins (MAP) was diluted to the concentration of 3 mg/ml 
in PEM buffer [100 mM PIPES (pH 6.9), 1 mM EGTA and 1 mM 
MgCk] containing 1 mM GTP (GPEM), and maintained in ice. The so- 
lution was placed at 37°C and polymerisation was monitored by meas- 
uring absorbance at 340 nm every 25 seconds with a spectrophotome- 
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ter equipped with an electronic temperature control device (Cobas- 
Mira Analyzer). After 5 minutes, when the polymerised tubulin had 
reached a steady state, 5 |iM Taxol, 1,35 \iM Colcemid, or ST2151 were 
added and the absorbance measurements were taken for a further 15 
min. The IC50 values were determined by non-linear regression analy- 
sis using "Prism GraphPad" software. Results were expressed as % in- 
hibition of tubtilin polymerization vs not treated control. 

The value indicated in Table 2 is the mean of 3 independent determi- 
nations. 

Table 2 

Compound % inhibition of tubulin polymerization 

ST2151 37.1 
ST2179 44.0 

Evaluation of anticancer activity 

The anticancer activity of ST2495 and ST2496 was assayed in an ani- 
mal model of human lung carcinoma. 

In this model, human NCI-H460 lung cancer cells at a density of 3 x 
10 6 cells/mouse were injected subcutaneously in the right flank of nude 
CD1 mice. 

Starting from day 4 after tumour cell inoculation, the animals were 
treated with the study molecules at various doses and according to 
various treatment schedules (see tables). 

All the animals were weighed during the course of the treatment to 
adjust the drug administration volume and to record the percentage 
loss of body weight (%BWL). 

Tumour growth was assessed by measuring the shorter diameter 
(width) and the longer diameter (length) of each tumour twice a week 
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with a Vernier caliper, and the anticancer activity was evaluated in 
terms of percentage inhibition of tumour growth. The tumour volume 
was calculated using the following formula: tumour volume (TV) in 
mm 3 =|length (mm) x width (mm) 2 ]/2. The percentage inhibition 
(%TVI) was calculated according to the following equation: 100- [(mean 
tumour volume of the treated group / mean tumour volume of the con- 
trol group) x 100]. A value of P<0.05 was regarded as statistically sig- 
nificant. 

The results of the experimentation with ST2495 and with ST2496 are 
presented in Tables 3 and 4, respectively. 

Table 3 

%TVI 
Days after tumor 
inoculation 



Treatment 


n 


% 
BWL 


Mortality 


15 


22 


Vehicle 


8 


0 


0/8 


/ 


/ 


(5% glucose solution) 












ST2495 i.p 


8 


4 


0/8 


32** 


38* 


30 mg/kg 












ST2495 i.p 


8 


0 


0/8 


75** 


72** 


30 mg/kg twice/day 












Vehicle 


8 


1 


0/8 


/ 


/ 


(5% glucose solution) 












ST2495 p.o 


8 


0 


0/8 


42** 


30* 


30 mg/kg twice/day 












ST2495 p.o 


8 


1 


0/8 


79** 


67** 


60 mg/kg twice/day 












Vehicle 


8 


2 


0/8 


/ 


/ 


(5% glucose solution) 













WO 2005/0(17635 



PCT/IT2004/OO0373 



55 

Table 3 



Treatment n % Mortality 

BWL 

ST2495i.v. 8 1 0/8 

60 mg/kg 

ST2495i.v. 8 0 0/8 

90 nig/kg 

ST2495 was given intraperitoneal or orally from day 4 to day 22 according to the schedule 
qd5x/w once or twice a day, and intravenously from day 4 to day 16 according to the schedule 
q2dx6. 

*F<0.05, **P<0.01 (Mann Whithney s test) 



%TVI 
Days after tumor 
inoculation 
15 22 

84** 73** 

81** 62** 
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Table 4 



Treatment 



Vehicle 
(saline) 
ST2496 p.o. 
30 ing/kg 
Vehicle 
(5% glucose 

solution) 
ST2496 i.v. 

60 mg/kg 
ST2496 i.v. 
90 mg/kg 



N % 
BW 
L 

8 1 
8 1 
8 1 

8 1 
8 1 



Mortality 



0/8 



0/8 



0/8 



0/8 



0/8 



%TVI 
Days after tumor in- 
oculation 
14 21 



48* 



48* 



57* 



46* 



53* 



56** 



The compound was administered orally (p.o.) at the doses indicated from day 4 to day 14 after 
inoculation of the tumour according to the qdx5/w schedule, or intravenously at the doses indi- 
cated from day 5 to day 17 according to the q2dx6 schedule. 
*P<0.05; **P<0.01, ***P<0.001 

As can be seen from the tables, ST2495 proved active with all the ad- 
ministration routes. It is noteworthy that the % of volume inhibition in 
the i.p. and p.o. treatments increased significantly when the compound 
was administered twice a day. 



ST2496, too, administered orally or intravenously, brought about a 
significant inhibition of the tumours as compared to controls. 
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Evaluation of cardiovascular parameters 

Recent data from a Phase I study have demonstrated that combre- 
tastatin A4-P is not avoid of side effects, showing episodes of dose- 
limiting toxicity, including cases of acute coronary syndrome (Cancer 
Res., 62:3408-3416, 2002). On the basis of these results and since car- 
diovascular side effects represent a major issue for an antivascular 
agent, we decided to study the effect of our selected compounds on car- 
diovascular parameters. 

Combretastatin A4, its prodrug ST2494 and our water soluble selected 
compounds ST2495 and ST2496, diluted at the doses of 20 or 40 mg/kg 
in saline solution or for combretastatin A4 in 5% DMSO, were injected 
in the jugular vein of Wistar rats anaesthetised with 55 mg/kg Nembu- 
tal. The parameter considered were blood pressure and heart rate. 
Combretastain A4 and its prodrug ST2494 induced soon after drug 
administration a significant increase in blood pressure and a progres- 
sive decrease of heart rate. In contrast, ST2495 and ST2496 did not 
show significant effect on the parameter considered (figure 1). 

In keeping with another object of the present invention, the pharma- 
ceutical compositions contain at least one formula (I) compound as the 
active ingredient, in an amount such as to produce a significant thera- 
peutic effect without causing cardiovascular side effects. The composi- 
tions covered by the present invention are entirely conventional and 
are obtained using methods which are common practice in the pharma- 
ceutical industry, such as are illustrated, for example, in Remington's 
Pharmaceutical Science Handbook, Mack Pub. N.Y. - latest edition. 
According to the administration route opted for, the compositions will 
be in solid or liquid form, suitable for oral, parenteral or intravenous 
administration. The compositions according to the present invention 
contain at least one pharmaceutical^ acceptable vehicle or excipient 
along with the active ingredient. They may be particularly useful co- 
adjuvant agents in formulation, e.g. solubilising agents, dispersing 
agents, suspension agents and emulsifying agents. 



